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Abstract:

During spring semester 1999, the researcher conducted a study at Montana State University in the
undergraduate course Modern Geometry and the concurrent graduate course, Geometry for Teachers.
The purpose of this study was to determine if students participating in on-line problem-solving
activities communicate differently depending upon location of the student (on campus or off campus)
and whether differences in communication are related to differences in achievement.

The eighteen students were placed into four collaborative work groups consisting of four or five
students each. Groups were formed heterogeneously, to help eliminate extraneous variables, and help
diminish the variability among those groups caused by factors other than the treatment.

For eleven weeks, groups were assigned problem-solving tasks. These tasks were addressed
collaboratively, with each student contributing ideas, responding to ideas, proposing strategies,
demonstrating solutions, and summarizing and reporting their groups' findings, all on-line. Each
message sent was analyzed and ranked according to the Interaction Analysis Model developed by
Gunawardena, Lowe, and Anderson (1997).

It was found that the communication phase levels were independent of whether the students were on
campus or off campus, and that the communication phase levels were independent of group
membership. Positive correlations were found between group task rankings and number of messages
sent, number of high level messages sent, and highest phase level message attained in each group task.
Total messages per task decreased during the semester, and while two of the four groups significantly
decreased in average communication score, only four of the eighteen individuals in the study showed a
significant decrease in average communication score.

The researcher concluded that the amount and level of communication between on-line
problem-solving groups were important factors in group academic achievement, and that students
communication phase level was dependent upon whether the students were on campus or off campus.
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ABSTRACT

During spring semester 1999, the researcher conducted a study at Montana State
University in the undergraduate course Modern Geometry and the concurrent graduate
course, Geometry for Teachers. The purpose of this study was to determine if students
participating in on-line problem-solving activities communicate differently depending
upon location of the student (on campus or off campus) and whether differences in

' communication are related to differences in achievement.

The eighteen students were placed into four collaborative work groups consisting

of four or five students each. Groups were formed heterogeneously, to help eliminate

extraneous variables, and help diminish the variability among those groups caused by
factors other than the treatment. ‘

For eleven weeks, groups were assigned problem-solving tasks. These tasks were
addressed collaboratively, with each student. contributing ideas, responding to ideas,
proposing strategies, demonstrating solutions, and summarizing and reporting their -
groups' findings, all on-line. Bach message sent was analyzed and ranked according to
the Interaction Analysis Model developed by Gunawardena, Lowe, and Anderson (1997).

It was found that the communication phase levels were independent of whether
the students were on campus or off campus, and that the communication phase levels
were independent of group membership. Positive correlations were found between group
task rankings and number of messages sent, number of high level messages sent, and
highest phase level message attained in each group task. Total messages per task
decreased during the semester, and while two of the four groups ‘significantly decreased
in average communication score, only four of the eighteen individuals in the study" - -
showed a significant decrease in average communication score.

- The researcher concluded that the amount and level of communication between
on-line problem-solving groups were important factors in group academic achievement,
and that students communication phase level was dependent upon whether the students
were on campus or off campus.
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CHAPTER 1
PROBLEM STATEMENT AND REVIEW OF LITERATURE
Introduction

Since the late 1970’s, the use of technology in the classroom has been increasing
at an almost exponential rate. The use of computers and calculators is so prevalent in the
modein classroom that iﬁ is scarcely given a .secoﬁd thought, whereas-twenty yéars ago
~ the very idea was practical'ly unthinkable. In that short t‘i‘r.ne frame, educators and parents
have gone from asking "chemselves whether calculators énd computers should be in the
classrooms at all to how they may be best used to maXimjze the léarning-potential of
- students.

In the publication ‘f‘Cu.I“riculum and Ex}aluaﬁon Standards for School
Mathematics," the National Council of Teachers of Mathematics (1989) stressed the
increased use of technology in the classroom at all grade levels. The NCTM also
emphasized that students should have access to-a cmputer at all times in their classroom,
and that each school ‘sho:uld have sdme type of comp'utér laboratory facility to allow
whole groups 'or. classes to work on computers.at the “same time.

However, the uses of computers in the claésréom have changed 'sinc¢ the
publication of the NCTM Standards. At the time of its publication, @he primary use of
computers in the middle school and high school centered on learning and using
programming languagés. Of secondary imPortanCe at these levels was the use of

specialized drill and practice software. Gradually, the focus began to change from
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programming to learning the use of applications software, such as spreadsheets, data
bases, word processing, and the like. While all of these components are étill an important
and integrél part of the computer curriculum, a new use of the computér for educational
purposes has emerged: the use of the Internet and the Wer‘d.Wide ‘Weﬁ (WWW) to
deliver _co'urses into the Combuter labs, classrooms, :and e;/en the homes of‘ learners |
everywhere.

The use of the Internet and WWW is increasingly a part of everyday life. Eddy
and Spaulding (1996) estimated that in 1994, there were twenty million users of the
Internet across the world, and that the growth rate was approximatel;y- one million users
per month. Even this staggering growth figure proved to be an undéreétirhate. In 1999 |
the numbér of users worldwide was estimated at 157 million people; by the end of the |
year 2000, an estimatéd 320 million pedple will be using the Internet for browsing or e-
mail servicés (Euro-Marketing Associates, 1999).

State governments are beginning to invest heavily in the (ieyelopment of distance
education in their states. West (1995) reported that the state of Délaware planned to
‘spend‘ thirty million déllars to build a fiber optic telecommunications network that within
the next two years will electronically liﬁk évery student ana teacher in every one of its
7,000 public school classrooms. In Towa, a total of eighteen million dollars has been
approved for the state to begin fhe exéct same project. According to West, several other
states are beginning the process to.build ‘s‘tat‘e ngtworks for ¢ducatibn~ e;s well.

| Thé federal goverﬁment hés ‘;alsé become involved.' E-Rate, or the Univeréal

Service Fund, was created by the FCC Telecommunications Act of 1‘9‘96.‘ This 2.5 billion
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dollar fund was used by schools and libraries to help defer costs asso'ciated.with )
accessing the Internet. All schools and libraries in the Unites States qualify for E-Rate
funds. | |

Business and industry are also seeing the value of having distance education in
the schools. In California, West (1996) reported about NetDay 96, a grassroots effort to
prepare the schools within the state for access to the Internet. The project, funded mostly -
by corporate donations, laid more than six million feet of cable in roughly 5,000
California schools. Over 20,000 volunteers, Iin_cluding President Bill Clinton and Vice
President Al Gore, participated in the effort. NetDay has now evolved into a national
effort, with the eventual goal of having a NetDay in each of the 50 states.

It is obvious that the excitement concerning the possibilities of conducting .
distance education classes through Cyberspace is rf;al,‘ and growing. But alréo‘ groWing
are certain questions regarding its use. These questions include “What exactly is distance
education? How does it work using the Internet?. What are the advantages and

disadvantages of teaching students with such a medium as opposed to other, more

traditional forms of education? And what is the best way to conduct classes over the

Internet?”
According to Willis (1995), at its most basic level, distance education takes place
when a teacher and student(s) are separated by physical distance, and technology (i.e.

voice, video, data, and print) is/are used to bridge the instructional gap. This definition

~ would seem to encompass the use of interactive television (ITV) and video courses, and

even mail correspondence courses.
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Thére are several ways that distance education can “work™ using the Internet.
Some distance educatioﬁ courses offered via the Internet differ frém the olld—style
correspondence courses or from IT \ in delivery medium only.' However, these are in the
minority. Other courses are much more intéractive in their use of Cyberspace. Slater,- -

Beaudrie and Fixen (1998) pointed to several very recent projeéts, iricluding the Network

| Montana Project, Shodor Educational Foundation Program, and the Earth System Science

Community Project, in which hypermediated instructional units (units whose content is
entirely on the Internet) were being de_veioped that require students-to access Internet-
based resources. In other words, students enfolvled in these courée,s are us‘ing tﬁc Internet
almost eXClusiVely to .conduct thei.r re‘search,‘. find the necessary mate'r.ia.il‘s, sqli}e
problems, and complete assignments. The Internet is also used as a Iﬁeans of
communication between the ihstrucfor and the other studenfs in the course through the
use of e-mail, bulletin boards, chat rooms, and even direct visual and/or audio
communication (although at the present time, :this is a rarity). Beaudrie, Caditz, Slater,
and Stephenson (1998) wrote about Webquests, first introduced by D'od‘gé‘ and“‘.March at
San Diego State University (Dodge, 1995, 1997); Simply put, a WebQuest is a
structured, inquiry-based activity in which students are asked to use Infemet resources to
gather information they need to complete an assignment. One key elemeﬁt ofa’
WebQuest is that many of the resources neediad to complete the quest are embedded in
the WebQuest activity itself as hyperlinks. Thes_¢ links might includé web documents,
experts available via e-mail or real-time coﬁfereljcing, searchable databésés‘ on th'e nét,

and books and other documents physically available in the learner's setting..
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Statement of the Problem |

This study investigated differences in the quantity and level of communications -
occurring in a gedmetr_y course for teachers Where group pfobIem-sol’ving activities wefe
worked and discussed in an Internet-based, distance education format. This course was
désigned primarily for pre-service and i-n;service secondary school mathefnatics teachers.

A rubric developed by Gunawardena, Lowe, and Anderso'n (19-97) to characterizé
and rank individual communications in on-line group di)séussions was used to '_analyze the
contributions made by the participants in the problem-solving ac‘tivities’; The rubric.
divided on-line communication into five hiérarchical phase levels. A copy of this
instrument can be found in Appendix A.,

The central question answered in this study was whether students participating in
on-line problem-solving act‘iyities communicated differently depending upon the locétién
of the student (on campus or off campus) and whether differences in amount and phase

level of the communication were related to differences in achievement. In other words, -

.the problem of this study was to determine if there was a significant difference in on-line

communication between on-campus and off-campus students, and how differences in

- communication related to academic achievement for stiidents performing group problcr,ri—‘ ‘

solving activities online in a geometry class for teachers.
The dependent variables were the scores earned by each group on all problem-
solving activities, and the scores earned by each individual on the final test and their

overall test average. One independent variable was the phase level score of each

message. This was used to calculate the average communication score of each group and -
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individual per task, the number of messages sent by each group and individual per task,

the number‘ of high level ‘niessages sent by each group and individual per,task, l"the,
percentage of hi gii l‘evel- messages sent by each group and individual pf;f faisk, and the
highest attained level of communication for eéch group foi each task. The éverage
communication score was calculated by dividing the total scores on all of the messages
for' a group or an individual by the number df scored messages that group ‘or‘ individual

had sent. High level messages, defined by Gunawardena, Lowe, and Anderson (1997),

are messages that are scored at phase levels three, four, ‘dr five. The percentage of high '
level messages for each group was calculated by dividing the total number of high level
messages by the total number of messages for that group. Other independent variables
include the gender.of the students, and each student's comfort level with technology. The

‘s.,tudy was conducted during the Spring Semester of 1999 at Montana State University.

On-line Communication

The students engaged in a series of on-line, small group, problem-solving

activities on-line using the software First Class Client (URL: http://www.softarc.com), an

Internet-based communications software‘to.o‘l used in many distance courses iau ght at
Montana State University. First Class Client has several valuable featureéi\'when
conducting an On—iine course. It allows siudents to attach files created using other
software tools, such as the Geometer's Sketchpad or Microsoft Word to messages posted
-on the bulletin bdaid. 'This feature proved to be a valuable asset as the stliddnts discussed

‘their problem—soli/ing tasks.
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First Class Client allows ‘'students to communicate in an aéynchronous |
communication environment through the use of a bulletin board, or a synchronous
communication environment through the use of a chat room. In asynchronous
communication, people do not haife to be logged on to the system at the same time;
Asynchronicity frees students and teachers from the chsfraints of ‘ébo‘th‘time and space.
According to Harasim (1990) and McComb (1993), there are several advantages to ‘usinz;,r

asynchronous communication as a form of communication in computer-mediated

communication.

One advantage lies'in the convénience of use. S’gudents participating in a course
taking place in an asynchronous ‘communicgtion environment do not have to wait until
class or office hours to ask questions of the instructor. Similarly, students db not have to
wait until they can meet face to face, or wait until they can call each other via telephone
to cominunicate with each other. Students can ask aﬁd‘res‘i)ond to questions whenever
they wish, rather than either hawin;gr to quickly think of a solution, or remember a solution
until they meet the professor or classmate who asked the question. This can lead to
greater interaction among students, and between students and instructor..

| Another advantage is the.ability to communicate directly with a particular sub-
group of the class. Instructors and students can respond to individual or small group
queries hwithout taking up éléss time. A third advantagé to asynchronous communication _
is that course communication is determined principally by the students rather than by-the
instructor. Making students respénsible for their owﬁ leamiﬁg of materials, as opposed to

an instructor lecturing in a enclosed classroom at a specific time, empowers the students
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to take charge of their own leamin_g. There is less passivity among the students of
distance learning courses (Harasim, 1990, and McComb, 1993).

The final benefit of asynch‘ronous communication‘- (according to Haras»ifn and
McComb) is the need to comrﬁunicate in _writing. Written cbmmunication, when
compared to spoken communication, encourages deeper thought and a more clear
articulation of ideas by students to the instructor and to-each other. The fact that most., on-
line communication is stored permanently in the computer system also plays a role in
students wishing to be very clear and careful in their responises.

How does synchronous communication via a chat room differ from asynchronous
communication? Synchronous commupicatioh has several of the same advantages aé
asynchronous: the ability to communicate with or among a subgroup or an indiVidﬁal; the
students must take more responsibility for their cducation,‘ with the instructor in a
supporting role; and the students must communicate in writing. The major difference lies
in the convenience xfacto'r. If students use a chat room, they must all be present on the
computer system at the same time. ‘While this difference may -nqt account for differences
in communication level, a by-product of it mayf the wait time, or time between quesfion
and response. When using a chat room, students may respond almost instantaneously to
queries, and may not put as complete a thought process ‘info their responses as the_y_: would
when communicating asjnchr‘onously. However, an ad{/a{ltage to the usev‘of syhch;onous
communication is its relative siﬁﬁlarity (when compared to asynchronous

communication) to face-to-face discussions with the instructor or other students.
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Need for the Stud&

Although the use of the Internet to conduct courses isa practice :thét continues to
grow rapidly, ‘thé study of the use of the Internet as a medium to conduct distance
learning is in its infancy. The reasons for this growth, particularly at the university level,
reflect the evolution of higher education in general. The Virginia Commission on the

University of the Twenty First Century reported that higher education is eVbIVing as

follows (Potter and Chickefing, 1991):

o The college will be a nefwork of resourceé,. not a place.

o Offerings will give students a global, multicultural perspective.

o Widespread use of new technologies will improve the ‘qu.ali‘ty‘ of instruction,
increase contéct between students and faculty, and reduce time, place, and’
space constraints.

o Living and learning will be more closely integrated out_side th¢ cléssroo.rhg

These findings illustrate the ‘slow, yet fundamental changes that are occufring'»in
electronically distributed distance education courses at colleges and universities across

the country. As this change in the delivery of instruction overtakes these usually slow

_changing institﬁtions, thought needs to be given to the role of distance education via the

Internet. There are several questions about this role that need answers. One issue that is
often overlooked is the role communication between students plays in the effectiveness of

learning in a distance learning course. As reported by Bober (1998), it has been érgued

" that the level and type of student interactions are C_riticz;_l predictors of the success or

failure of an on-line course. This argument, however, has not been formally tested.
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The reasons tﬁat universities ana colleges are using distance education with
increasing frequency are pointed out by Harasim (1990), MéCo'nib (1993), and Seagren . -
and Watwood (1996). Among them:

o Students and instructors do not have to be in the same place, or méet at the
same time. Online education can be available any hour of the day‘c')r‘ night,
seven days a week. |

o Students can communicate easily with one another, thus promoting the
possibility of collaborative learning. |

o Students anywhere in the world can be part of a single class. Teachers
anywhére in the world can team-teach a course.

o. The computer provides special-izéd .communication that can actually improve
what is done face to face in courses. |

° This type of technology is less expensive than telephone, interactive .
television, of video conferepcing fo.r providing communications.

These feasons, along with several others (such as meeting the educational
demands of different groups of students) are among those that éxplair} why in 1997,
nearly 400 accfedited colleges and universities in North America employed online
instruction of some sort (Velsmid, 1997). In addition, there were over 1‘50 accredited

institutions that offered entire bachelor's degree programs to students who never, or-

rarely, visited the campus (Herther, 1997). By 2002, it is estimated that 85 percent of

fivo-year and 84 percent of four-year institutions will offer distance education courses

(Council for Higher Education Accreditation, 1999). With so.many colleges- and
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universities jumping on the distance learning via WWW/Internet ‘bandwagon‘, studies that
determine the most effective ways to offer these classes are a necessity for the success of

both the university and the student.

* Although the body of knowledge about Internet education has grown in recent -
years, a vast majofity of what has beén wriften about distance learﬁing consists of opinion
pieces, how-to articles, surveys, casé studies, and secoﬁd—hand reports that ao not include
original research. There is a relative dearth of oﬁg‘inal- research dedicated to explaining
or predicting events related to distance learning (Merisotis; and Phipps, 1999). Those
studies that are research studies are usually concerned with the effects on learning in a
dis;[ance learning course. Few studies focus on the communication aspects Qf the
environment; how thesé aspec;ts may affect leafning, the a.ttitudes"of the learners
participating in such an environment, or on the drawbacks or unforeseen difficulties that
the communication environment may produce. AlSo,. in most of the studies oﬁ distance
learning clasées via the Internet, the co’mmunicafion method has been asynchr.onous,
either strictly through e-mail or by some type of bulletin board system (Cheng, Lehman,
and Armstrong, ‘1‘991;, Hiltz, 1:99'3:; MCComb, 1993; Wesley and Franks, 1995;
GunaWardena, Lowe, and Anderson, 1997). The niajor reason fof the focus on‘
asynchronous communication is the fact that iintil recently, synchronous-communication

. was simply not a realistic possibility in most distance education situations. In recent

years, there has been a tremendous push to use synchronous communication as the major
or sole method of communication for students in distance education classes. According

to popular‘ftheory, the major justification for this push is that synchronous communication
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represeﬁts the latest technological advancemcﬁt. Another factér in the push _is the thougﬁt
that it is more convenient for both students and teachers to use when compared to using a
bulletin board or e-mail to conduct communications. Part bf the logic behind fhat thought
may be due to the fact that synchronous communication is closer in communication style
to traditional classes than asynchronous communication.

In their recent study, Gunawardena, Lowé and Anderson (1997), made note of -
several areas in which further study is needed in regards to the use of their Interaction
Analysis Model. They believe that the model would be appropriate fér use in the
evaluation of Computer Mediated Conferencing (CMC) which has a moderator of greater

skill than most participants, as in the teacher and his or her students in a classroom. They

‘do note that the instructor of such a class must be open to conceptualizing the learning

process based on the phﬂosophy of coﬁstructivisrr_l. ‘

The very fact that t'herej exists a lack of reseatch in prinf on this topic justifies the
importance of such a study. Eddy'.(17996) pointed out that there are literally n,u'lliéns :of |
peéplg taking distance learning courses. The Council for Higher Education Acereditation
reported that by the year 2002, more than two million students will be enrolled in
distance education courses-(CHEA, ‘1-999). It doeé not require mu(’:h of a stretch of th: ,
imagination to believe that millions more may be cont;emplating such a move. Withéi;t

studies of this nature, many people may be making a choice that is not the most

- appropriate for their situation. ‘In éddition, studies on distance learning will help those

who offer such courses to design them in such a fashion to allow the courses to be more. ..

effective.
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Definition of Terms

Several of these terms have been gathered from on-line dictionaries that are
. specific to topics of computer technology and distance education. The abbreviation -

FOLDOC refers to the Free On-Line Dictionary Of Computing (URL: |

http:wombat.doc.ic.ac.uk/foldoc/index.html) created by Dennis Howe (1993). There

exists a mirror site in the United States (URL: http://www.instantwéb.cbm/foldoc). ‘The :

Internet Glossary (URL: http://ccmail.sunysb.edu/INTGLOS . HTM), abbreviated IG, is

located at the State University of New York at Stony Brook (1998).

o Asynchronous Communication: for the purposes of this study, it will be on-

line communication that takes place AthrOUgh the use of a bulletin board
messaging system.

° Browsef (IG): A software program that allows the user to retrieve, display,‘
and read infomiation on the World Wide Web. 'Resultiﬁ;g screens contain
images, colors, and other graphics. Three well-known browsers are
Netscape, Internet Explorer, and Mosaic.

o Bulletin Board System (FOLDOC): A computer and associated software

which typically provides an electronic message database where people can

log in and leave messages. Messages are typically split into topic groups.

Any user may submit or read any message in these .public areas. A Bulletin

Board System may also provide archives of files, personal e-mail and any
other services or activities of interest to the bulletin board's system operator.

Also known as a BBS.
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Chat System (FOLDOC): A system that allows any number of logged-in

users to have a typed, real-time, on-line conversation, either by all users

logging into the same computer, or more commonly nowadays, viaa
network. Also known as a Chat Room.

Computer Conferencing (Gunawardena; Lowe, and Anderson, 1997): The

exchange of messages among a group of participants by means of networked
computers, for the purpose of discussing a topic of mutual interest. Also
known as Computer-Mediated Conferencing or CMC.

‘ ‘jCyberspace (IG): A term synonymous with Internet and World Wide Web.

Distance Education (Grimes, 1993): Any formal approach to learning in
which the majority of the instruction occurs while the educator and learner

~ are at a distance from each other. The United States Distance Learning

Association defines distance learning as the acquisitioﬁ of knowledge and
skills through mediated information and instruction, encompassing all

technologies and other forms of learning at a distance.

o E-mail (FOLDOC): Electronic mail. Messages automatically paSséd from
_ one computer user to another, often through computer networks and/or via

modems over telephone lines.

Group-Mediated Cognition or GMC (Smith, 1994): Thé situated -form,of )

thinking in which the thinking of each individual is influenced by the

thinking of the other members takirig pait in the discussion, even if only to o
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disagree. In other words, the situation itself (the group meeting) exerts a
strong mediating effect on individual cognitive and conceptual processes.

o Home Page (IG): The first page (or welcome page) of a Web site.

o Hypermedia (Hughes, 1997): Hypefmedia is an acronym which combines the
words hypertext and multimedia. It refers to the electronic presentation of
information in the form of plain text as well as other forms, such as graphics,

sound, animation, and/or video.

o Hypertext (Nelson, 1967): A combination of natural language text with the
computer’s capacity for interactive branching or dynamic display of a

nonlinear text which cannot be printed on a conventional page. Note:

Hypertext refers to text that is linked, while hypermedia can include graphics,
video, sound, etc., which are linked. However, the words hypermedia and ‘

hypertext are often used as Synonyims.

o Hypertext Navigation (IG): Moving from one word or image in a Web

document directly to another document because of a hyperlinked connection
between the two. Within a document, hyperlinked words or images are f . |
usually underlined or highlighted in a color different from the rest of the text.

o Hypertext Markup Language or HTML (FOLDOC): The major Hypertext

~document format used on the World Wide Web, used for creating World .

Wide Web pages.
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| Hypermediated Lésson (Slater, Beaudrie, and Fixen, 1998): Instructional

units \.)VhO,Sé content, research base, prqblems, and other materials are mostly
or entirely on the Inter_,net. Also known as Internet-based instruction.
Intefaction (Gunawardena, Lowe, and Anderson, 1997): a) The totality '_of |
interconnected and mutually responsive messages which ﬁlake up a CMC. b)
The enﬁr‘el 'geétalt. formed by the online communications a_mong th-e
participants.
i_nﬁnilt (FOLDOC): Any set interconnécted computers or computer networks
ifnteréonnected with routers. The;‘ Intefngt is the biggest example of an
intemét. ‘
| Internet (FOLDOC): The Intérnet is the largest internet in the world. Itis a
thrée levei hierafchy composed of backbone networks (e.g. ARPAnet,
NSFNet, MILNET), mid-level networks, and stub networks. These includé |

commercial (.com or .co), university (.ac or .edu) and other résearch networks

(.org, '.netj and military (.mil) networks and span many different physical
networks around the world with various protocols including the Internet
Protocol.

\ ' ' ’ i

Internet-based Instruction: see Hypermediated Lesson.

Multi—med_-ié (IG): Having more than one form of presentation. For eXample,

on the Web the following media can all be used: print, Epictupes; drawings,

¢

movies, and sound.
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o Network (IG): An electronic linking together of a niumber of computer‘s. A
network can be housed in one room or one building (a Local Area Network,
or LAN), or be connected over great distances (like the Internet).

o URL (University ét Stony Brook.): An address for a file or location on the
Internet. Stands for Uniform Resource Locator. For‘ example, Montana State
University’s URL for its homé page is http://www.montana.edu. |

o Synchronous Communication: on-line communication that takes place using .

a chat system (chat room).
o Web Site (IG): A place on the Internet where electronic information can be
accessed through the World Wide Web. A home page is an example of a

Web Site.

o World Wide Web or WWW (Willis, 1995): A graphical hypertexf,—baséd
Internet tool that providés access to home pages created by individuais,
businesses, and othef organizations. Also known as “The Web.” Note:
Although the definitions are different, the terms “Internet_” and “World Wide

i .
Web” are often used as synonyms.

Questions td be Answered_

As related in the Statemenf of the Problem, this research determined whether
there was a significant difference in communication phase levels between on-campus and
off-campus problem-solving groups, and how differenées in communication related to

academic achievement for students performing group problem-solving tasks online ina
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geometry class for teachers. | The specific design for the research questions Wﬂl be cleariy

delineated in’Chapter Two.

Questions that were answered in this study are as follows:

1. Did cOmi’nunicatiop occur at similar or different 'p,haee levels when comparing the on
campus groups to the completely off-campus group? |

2. Was individual achievement in problem-solving ‘r\elated to the on-line communication
phaée level of the individual?

3. Was group achievement in problem-solving related to the on-line communication
phase level of the group?

4. Did problem-solving groups change communieation levels (;;hases") over time?

5. Did individual students change communication levels (phases) over tirﬁe?

6. Was there a difference in communication phase level between male students and
female students? |

7. Was there a difference in achievement between male and female students in a
distance learning course?

8. Was the on-line communication level of the individual related to the comfort level
and attitude of the individual in using computers?

9. Was the academic achievement of the individuél 1n problem-solving related to the

comfort level and attitude of the individual towards using computers?
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Review of the Literature

Preliminary Comments

The purpose of this study was to detérrﬂine if there are significant differences in
student academic achievel:rnent and commﬁnication pl_lase_levels for studénts performing |
group problem;solving activities on-line in é college ievel Geometry course. The cﬁrrent
literature presents numerous articles and studies that have focused on the topics of
distance education, mathematics ed_ucétiér‘l, education using computers, and cooperative
learning groups. This review contains research and documentation rela;c-ive to the recént |

development and trends in all of these areas.

Distance Education

The term “Distance Education” basically means any formal appr’oach to learning
‘in which the maj Oﬁty of the instruction occurs while the éducator and learner are at a
distance from each other. Given this definition, distance education has been occurring
for several decades. Correspondence courses fall into thié category, as dq ‘alll of the
follovﬁng: Interactive and/or Instructional Television (ITV), Interactive Video, and
Television programs designed to educate.

In the 1840's Sir Isséc Pittman, the English inyentqr'vof ého,rthand,, f:ame up wifh
the idea of the correspoﬁdence course by ﬁ1ai1.‘ Within a few decades, these types of
programs were available in several countries, including the United States (Matthews, ‘

1999).
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In 1969 Great Britain started the Open University, which first used the mixed
media approach in the form of written correspondence combined with audio and Video‘
materials, to conduct distgnce learning. The OU and other open universities which soon
sprang up began to change the way educators viewéd distance learning, effectively
bringing it closer to the mainstream of higher education (Matthews, 1999).

Distance education imhfolvi.ng the use of computer technology first appeared in ‘the-_
1960’s, accdrding to Harasim (1990). Douglas Engelbarfdeveloped a system called
Augment. Augment had three defining characteristics: an emphasis on providiﬁg tools to
support collaborative knowledge wérk, an emphasis on people déing this work in an
asynchronous, geographically distributed manner; and enabling idea structuring as Well- as
idea sharing employing a hierarchical structure. |

In the early 1960’s Theodore Nelson was‘the first to use the term hype::text_to
refer to online writing a.nd‘reading‘. In a‘project called Xanaciu,, Nélson‘designed an
experimental self-networking system thaf permitted users to view hypertext libraries,
create and manipulate text and graphics, send and receive mess';a'ges, and strucfure' -
information intuitively (Harasim, 1990). |

Computer conferencing, the direct ancestor of on-line education, was iﬁvented by -
Murray Turoff in 1970. Turoff designed the computer coﬁferenciﬁg environment so that
it would use the computer to structure humaﬁ communicaﬁo‘n for information exchange .
and effecﬁve problem solving. Computer cdnferencing has been ﬁsed extenéively since

then, first by the United States government, then by the scientific community and the
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corporate business sector, and most recently has woven its way into the educational

community (Harasim, 1990).

Non-Internet Based Distance Education

While this researcher is primarily concerned with ‘clii'stance learning involving
computer networks, interactive video and television éhare some characteristics in
common with on-line education. Some distance learning cours-es‘ have been designed that
take advantage of both computer networks (using e-mail .and/or bulletin board system)
and television to help teach the class. To start this review, five studi‘es‘involvin‘g ‘distan'c(e'
learning through the use of interactive television or some similar medium, with or
without a computer network component, are examined first.

Hornik (1974) documented the findings of a quasi-experimental study doné in Bl
-S alvador oh the effects of intréducin g interactive television (ITV) into the c;IaSSroom.

The author noted that similar studies had already been done in the U.S., showing little
change. Despite‘ this, he wished to see if the results would hold true under a different
setting.

The sample in Hornik’s study consisted originally of 29 classes of students who
began seventh érade in 1970 and finished ninth grade iﬁ 1972. The schools were located
in both urban and rural areas, aﬁd in commuﬁities 6f differing development_‘,and Wealthf
Fifteen classes would receive the treatment‘,‘ i.e., receive ITV in their -classroorr-ls.‘
Anothel; 11 would act as a control group, learning the same IﬁateriaIs, but under a

traditional format. Three schools were eliminated from the Study, since they had ITV

4

- before the study began.
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Three types of variables were examined. One, an achievement variable, WaS .
based upon five standardized tests given three times during the course of the stl;dy: at the
beginning of seventh grade, at the beginning of eighth grade, and at the end 6f the ninth
grade. The tests covered mathematics,.social studies, .science_, reéding,. and general -
ability. The scores from each Battery of tests Were separately averaged to arrive at a
cognitive skﬂls score fér’ each classroom. Another variable under study involved the
personal and family backgrounds of £he students in each clgssroom. The categoriésfor :
this variable included wealth,‘education of the parents, age of students, and percentage of
students who had repeated a grade. The third variable examingd' was based upon the
characteristics of each school and community where the students lived. Factors sﬁch as
school facilities, size, and physical condition were considered, in addition to commupity
factors such as ease of access to a large city, educational availability, and various city |
and community resources.

Results showed that Whén the students entered the seventh grade, 75 perceﬁt of
the variance in cognitive skills (using multiple r squared) could be predicted from the
students’ background and social variables. When the Studénts leff ninth grade, this score
dropped to 66 percent. This is‘ in contrast to the studies in the U. S., which showed that

the role of background factors increase in predictive ability as the years of schooling .

~ Increase.

The maJ or factor in this change was found to be the use of ITV. At the beginning
of the study, all classrooms were ranked; the classroom with the highest average

cognitive score received a rank of 1, the second highest a rank of 2, and so on through
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number 26. When the study began, the ITV and non-ITV classroome had virtually
identical mean ranks: 13.53 for the IT V classrooms, and 13.45 for the nori.—IT Vv
classrooms.. By the end of the study, the mean rank for the lTV 'classrooms was 10.1,
for the non-ITV classfocms 18.2. This change was statistically .significant atp <.02 B
using a Mann Whitney U test. Eleven of the fifteen ITV ciasses moved up in rank; by
contrast, only 2 of the eleven non-ITV classes moved similarly. It was also ‘noted that by
the end of the ninth grade, none of the other social, personal, and community variables‘j
was a better predictor of change on the ccgnitive skills over the three grades than the
introduction of ITV. In fact, it was the only variable that was a ‘signiﬁcant predictor of a
positive nature for cognitive skills change (p < .05). | |

Hornik concluded the study by citing several reasons why the study done in El
S 'alvador produced such drastically different results than the studies ccmple’ced in the
United States. One reason given is the nature of the stﬁdies. The U S. studies were ljarge

surveys, one shot cross-sectional investigations of several schools. In contrast, the El

Salvador study was a three-year study of a small sample of schools. Also, the respective

starting points of the students in the two schools, and the respective starting points of the

school systems themselves may have-been a factor. In addition, it vyas noted that the
studies completed in ‘th‘e United States Iumped togethef a.wide v.ariet‘yio,f quantit‘atively
equal but qualitatively diffe;ent educational expenditures, including ITV, and found that |
on the average, they were all largely ineffective. HoWever, the El Salvador study
examined only one.type of investment, and found that I’i‘V did make a signi‘ficant

difference in lowering the mean ranks of those classrooms using it.
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Cennamo, Savenye, and Smith (1990) conducted a study to investigate the perceptions of
learners relative to three different educatiohal media: interactive video (IV), instructional
television (ITV) and television (TV). The study also compared treatment groups on the
perceptions of learners relative to the invested mental effort when viewing tﬁe méteri‘ai,
and achieverent tests based upon tests of récall and inference.

The independent variable for the study was the method of instruction. The
students who received the IV treatment Qere provided with practice Questions that
required an active response. The students who received the ITV treatm;ent were
provid¢d with questions thlat required a covert response. The students who received the
TV ‘Freatment were provided with no practice. The dependent variables in the study were
the ratings of the students with regard to perceived effort, fecall scores, and inference
scorés.

The sample consisfed of 78 undergraduate students randomly assigﬁed to the tﬁree
treatments. Because of attrition, by the end of the study there were 25 _-s_tudents in the IV
group, 25 iﬁ the ITV group, and 23 in the TV group.

| At the beginning of the study, a questionnaire was administered to assess the
preconceived notions of the students relative to difficulty of ITV, TV, and IV instruction. | :
In this survey used by Salomon (1984), students responded to each i_tem using a f"ive‘
poiﬁt Likert scale. After cofnpletir}g the Iﬁaterials, the students were then given a Six-
question survey that asked them to estimate the amount of mental effort they had used in
proceésing the lesson. This questionnaire also-used a five-point scale.: To measure the - |

achievement variables, another questionnaire was administered that measured the
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amount of recall and inferences each student had gained by watching the lesson. The
recall portion consisted of 8 essay type .questiéns desi'gned to-elicit specific responses;
the inference portion featured more open-ended questions.

A repeated measures analysis of variance (ANOVA) wés. applied to the
questionnaire on preconceptions. Results showed that there e;cisted a significant
difference in the p'recon‘ceptions‘of the learners with regard to the difficulty of IV, ITV,
and TV lesson, at p < .01. A Tukey’s HSD indicated that the learners believed it was
significantly easier to learn from IV than from either TV or ITV;.and significantly easier | |
to learn from ITV than TV. The p-Veﬂue for the Tukej’s was .05. The ANOVA
performed on the perceived mental effort questionnaire revealed that there e:xisted no
significan£ difference between the learners perceived mental effort (p = .51).

On the achievement variables, the ANOVA performed on "che mean inference
scores indicated no significant difference among the three- groups. Hox%zever, the
ANOVA performed on the mean recall scores found a significant difference. A Tukey’s
HSD showed that the learners who re;ceived the IV lesson recalled significaﬁtly more |
information than did the learners who received the TV lesson. There‘ was no significant
difference between the mean score of the learners in the ITV- group when compared to
the other two groups. ’

| The authors found several items of interest from this s’tudy. In general, if the
perception of the learner was that a medium was more difficqu to learn from, then scores
on the inference and recall tests tended to be lo'v;/er';' soﬁ%etimqé the difference was -

statistically significant, and other times it was not. The fact that there existed no
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significant difference in perceived mental effort was attributed partially to the limitations .
of the measurement instrument. Also, the fact that IV treatment learners scored highest

on recall, followed by ITV and then the TV treatment groups, was not surprising given -

the fact that the IV group was provided with direct practice towards the recall test.

The authors concluded that the study supports the practice of including questions

that require an active response in any interactive video setting. However, since these
questions did not help make a significant difference i.n'the inference test scores, perhaps .
‘some higher level questions oughf to be added. The results also suggest that more
researéh needs to be done in the foll’owing aréas: to the effects of actively and covertly .
responding to questions; on the ways that different media are perceived by students; and

on examining learners’ preconceptions of media, and the ways that these preconceptions -

can be modified to result in increased mental effort where necessary.

Smith and McNelis (1993) conducted of a study to Tdeter'mine how distance

education effects both academic performance and student attitude. A secondary purpo'sé I

was to find possible explanations for differences in performance and attitudes of students

in the host class (on campus) and those in the remote class, if any differences did indeed
' exist.

The sample éonsisted-of 53 students in three sections of the same graduate level

course, a required course for all of the students. Twenty-five students were in the host

class, located ata large urban university. Sixteen of the students were in the remote

class, located 90 miles away at a cqmmﬁni'ty college. The remaining 12 students were in

a separate class at the university, and were taught the class in the traditional lecture
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method, These students were used as a control group. The content of all three classes .
was identical. All of the students in each group were aware of the format of the class
before they registefed.,

Using video technology, the instructor was able to teach the host class and the
remote class simultaneously and interactively. Monitors allowed the teacher to view the
remote class while teaching. Also, FAX machines and computer mail were employed to
provide additional ways for teacher and students to communicate.

’I;o determine if there was any difference in academic outcomes, the final grades.
from the three sections Were analyzed uéing an Analysis of V'ariance (ANOVA), and ( |
Scheffe’s test, when necessary. The grade point averages.(G'PA) of fhe stﬁdents
subsequent to entering the class were also analyzed to determine if there were any
preexisting differences. To determine affective factors, the students completed course
surveys; In addition, students were allowed to express tﬁé’ir concerns ai)out the distaﬁce
education course at the beginning, middle, and end of the semes‘tér.

Results of the ANOVA showed no significant différences among the three groups
for prior GPA, meaning all three groups were statistically equivalent before taking the |
course. An ANOVA and a follow up Scheffe’s on the final grade shchd_ that the
average for the host class (2.72) was significantly lowér than the cbntrol group (3‘.’50)- h |
with a p—value of .01.. .prever, there existed no significant difference in final grade
average between the remote class (3.12) and the control group, or between the re’m‘ote" |

class and the_ host class.
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The surveys indicated that 8 of the 25 students in the host class had a negative
opinion towards the use ‘(‘)f distance eduéation; only 3 of the 16 in the remote class f'eit
similarly. The rest of the students in both groups were eifher neutral, or‘had a positivé

opinion towards the technology. Most of the negative feedback focused on the

limitations. or distractions of the equipment. There were also several complaints, mostly

from the host class, Qf having to “share” the instructor with the other site. In all, most

students still believed in the use of distance education; ‘they just favored the traditional i
method of delivery.

The authors concluded by stating that the achievement data were inconclusive.

They believed that the most probable explanation for the poeor showing of the host class
was a negative attitude towards the technology, not a direct result of the technology itself. -

. They also believed that the sample size was too small to draw any definite ‘c;onclusions.‘

The authors conclude by reiterating that research into distance education is extremely

limited at this juncture, and that they will continue to closely moritor the attitudes and

achievement of distance e_dlication students in the future.
McHenry and Bozik (1995) reported the results of a qualitative study designed to.

explore the communication interaction that took place in an interactive television (ITV) -

coliege-cl‘assroom. In particular, the authors wished to discover what the points of view ‘
of the students were about learning and participating in the ITV classroom.

The sample size consisted of 27 students, 19 of who were taught.at the main, or

origination site, an Jowa community college. The other eight were located at four remote

classrooms in nearby high schools, known as receive sités. Of these, all were non-
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traditional students, meaning they were .all 24 years of age or older. Two of the receive
sites had three students apiece, with the other two having a. singie student. T~§venty of -th_e
students were female.

The instructor taught using a microphone attached to his lapel, 3.cameras, and a
touch screen computer. The computer allowed him to display what wa.sy'being shown on
two monitors located at each of the remote sites.- All students had microphones, which
when used properly'allowgd them to be heard at all sites and override the instructor’s ‘ | 1
microphone.

The authors attémpted to answer the following three questions:

1) What are the influences on the communication that takes place betWeén the students
and between the students and the teacher? |

2) How does technology affect the interaction in the classroom?

3) Does the distance sepa'rvating the teacher and students have any other affects on
communication in or between the classrooms?

Observations were conducted over five weeks during the middle of the semester.

Seven classes, two from receive sites and five from the origination site, were observed.

Interviews were conducted on an informal basis before and after each of the five

~origination site observations with 6 of the 19 origination site students and 6 of the 7
receive site students. In addition structured interviews were conducted, both on an

individual and small grOup level, to cross check perceptions.

The authors reported finding the followi%lg results. Although there were proBlefﬁSi" o

with the technology, students at the receive sites tended to be tolerant of these problems,
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while some students at the origination site tended to be less so. However, the receive
students noted that problems of distance were a concern. Problems of this type include
getting graded work back in a timely manner, and receiving handouts ahd ‘articl‘es in ;ci‘me‘
for tile class meetings. A major problem existed with the use of the miérophones.
Several students at the origination site often did not use them, which frustrated the
receive site students, since they could not hear the question' being asked, or the commenf
being made. The authors also stated ﬁhat there was no indication of classroom
community‘between fhe origination site and the receive sites, or among ‘t.he receive s?iteé
themselves.

‘The authors concluded the article by making the following suggestions for
teachers using technology such as Was uééd in this study.” Their suggestions are based -
upon student comments and reactions to observations., Eirst, there ‘;hould be other
‘technol‘ogies to support lost interactiéns, such as FAX machines and toll free phone
numbers. Also, the instructors should use teaching strategies that make the class seem
less impersonal. Simple things, like calling the remote site student by name, rather than
the town the receive'site was located at, or allowing a fe\.& minutes at the beginning of
each class for the students at each site to “chat” would help accomplish this. A third
suggestioﬁ is .‘that the teachers should try to make sure that all materials are ready and =~
available to all students before each class. - Fourth, atte_mpt_ to minimize the problems that
naturally occur between traditional and non-traditional students by carefull& selecting |
sfudents fér each distance learning course. It vs}as nbté& "thE.lt non—traditional stuaenté at R

both the receive sites and in the main site were frustrated with “these young kids.”
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Finally, b>efore or during the first class session, it is recdrﬁméndéd that all of the students
be taught the proper use of the technology. The authors conclude the ar,ticlé by listing
several future research questions with a distance iearn-ing theme.

Yakimovicz and Murphy (1995) presented the results of a study of non-traditional
students in a graduate course about distance education at Texas A & M University. The
class itself was taught using distance technology, such as audio and video
teleconferencing, computer e-mail, and computer discussion groups. Although several
aspects of the distance course were sfudied, in this article the portion presented explored -
the experiences of the students with the technoiogy.

Data for the study Wer¢ collc;,cted from four different soﬁrces: 1) student jouma;ls; -
in which eac_h student wrote reflections describing their views on using the Internet as a
communications tool; 2) taped interviews with each of th¢ 11 graduate students
participating in the course; 3) a review of rhesSages on EHRD689, which was the class-
wide electronic discussion group; and 4) student evalqations of Globaled-93, which was
also an electronic discussion gro,up., but involved students from five other un-iVersities.
The data was triangulatéd in order to help ensure the integrity of the findings. The
eleven students were located at thrée different remote sites. |

When analyzing the data, the authors noticed that when the course first began, the
students experiénced problerﬁs with the hardware and software, which could be

expected. Howevér, since the students shared these adversities, and realized they were

- all going through similar circumstances, they seemed to work fogether in order to

bvercome these problems. The class quickly developed a sense of community. The

1
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authors spéculated that this was due partially to the design of the course, which required
the students to work together in small groups via the Internet. It could also be that the
connections between the étudents were made quickly asa result of having e-mail and the
discussion groups. A change in the motivation of the studeqts Wé.S also noted. Whé’n the
course began, earning a good grade seemed to be the primary motivation in getting the
students to collaborate using the technology. As time went on, grades seemed to become
less of an incéntive, as students learned to feel comfortable exploriné with and using t‘hé
Internet for class projects.

‘The authors concluded the article by stating that they are unsure whether this
technique of distance education v;lould work in other settings. Since they had a relatively‘
| small group of all graduate students, they would not speculate if the results would be

duplicated on a group of more traditional, undergraduate studenté.

The five studies just discussed reflect what most studies have discovered about
Instructional Television and similar technolo;gies: they often contradict each other,
depending upon the circumstances. Hornik (1974) found that the introduction of a new
technology into an educational system made an academic difference. Cennamo, Savenye,"
and S‘rnith (1990) discovered that if a learner perceives a technological-medium is
difficulf to learn from, the achievement of that learner would be lower. Smith and . |
McNelis (1993) discovered that, in general, those students enrolled at a-distance found
the ITV classes to be infdrmétive and helpful, while those located on the campus of ‘thé‘ ‘
host site (the hést class) believed the technology to be a distraction. .McHenry and Bozik

(1995) found similar results as Smith and McNelis: students at remote sites tended tobe- - -
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more tolerant of the technology than those at the host site. They also noted problems
with those students at the host site working collaboratively and cooI;erating with those at.-
the remote sites, and that the sense of “community” found in geographically iritact
clas_srooms did not exist in this situation. Yakimovicz and Murphy (1995) found just the
opposite about community. In their class, the sense of comﬁunity developed c-1ui‘ék1y.‘ Of
this, they believed it was due to thé. fact that the students used the Internet. They also
found students developing intrinsic motivation for their studies rather than ‘strictly - |
extrinsic motivation (i.e. a grade). They-again attributed this fact to the use of the

Internet in conjunction with the video and audio teleconferencing.

However, as pointed out by Hiltz (1993), previous 'st.udies of COUI"-SCS delivered by
television and other non-computer media tend to indicate basically no difference in
outcomes. This doesn’t mean that under certain conditions and in certain situations,
students do not learn more of a certain subject or skill frém one medium when éompared

to another. It simply means that the results of the broad comparisons say that in general

there is no significant difference.

Distance Education using the Internet

This section examines some recent studies concerning learning in the virtual
classroom, culminating with a look at learning at a distance using Computer Mediated
Conferencing.

Hiltz (1993) reports the results of a quasi-expetimental study using the Virtual

‘ Classroom, the software system designed to support asynchronous group-oriented

v
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learning processes for distance education, especially at the college level. The author

wished to answer the following questions:

1) Is the Virtual Classroom é viable option for educatibnal delivery (i.e.,
are. the outcomes at least as good as Oufcomes from face-to-face,
traditional classroom courses)?

2) What variables are associated with espécial-ly_ good -and especially poor

outcomes in this new teaching process?

The author notes that the Virtual Classroom project differs from other research
concerning computer-mediated communication (CMC) in two ways. The software was
designed with the intention of enhancing the normal functions provided by CMC in order

to support group-oriented educational processes for the class. Also, a conceptual

framework and set of evaluation tools were designed and applied in order to assess the
effects of the software.

The Virtual Classroom was used in five different courses offered by three .

’ universities involved in the study. The courses were Introduction. to Sociology,
Introduction to Computer §cience, two different statistics courses, and a course on
management. Face-to-face and on-line sections of these courses were matched. This was

done because students could self-select the environment in which they wished to learn,

‘and the nature of assignments differed between matched sections.
The measured variables were subjective satisfaction with the Virtual Classroom,

use of the system by students (in terms of time), and educational outcomes. Results from

the study show that the subjective student assessments of the Virtual Classroom were

\.
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favorable. The students belie\}ea that the course-deiivery processes did encOﬁrage
collaborative learning, although there was significant variation in these opinions,
depending upon the course. ‘Students in general reported that the Virtual Classroom

environment improves the overall quality of the learning experience. The final semester

- grades between students in the experimental group and those in the control group did not:

significantly differ, except in one course, Introduction to Computer Science, where the
students working on-line had significantly higher final grades.
The researcher also found that students with more positive attitudes towards

computers at the outset of the study were more likely to report more favorable outcomes,

- and spent more time on-line. While positive attitudes towards computers in general were

not significantly related to the course grade received in on-line courées, expectations
about the mode of learning were signifiqanfly related to course grades. The author
believes this implies that the choice of enrolling in an on-line course should be fhat of the
student, énd those with poor attitudes towards the technology ought not be forced to
participate. |

The author concluded that the effectiveness of the Virtual Classroom is dependent
upon othér factors besides hardw.are and software capabilities, such as the abilities and

motivations of students, the teacher conducting the course in an appropriate manner, the

~ nature of the course materials, and the characteristics of the students.

Cheng, Lehman, and Armstrong (1991) describe a study that tested the

effectiveness of computer-mediated instruction uised in a graduate-level course. They

sought to evaluate the impact of CMC on achievement, user perceptions, and attitudes.
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_ Fifty—three studen;cs participated in the study. Twenty-five of the students were in
the distance learning course, while the other twenty-eight were in a parallel course
offered on campus. The course, “Microcomputer Applications in Education and
Training” was a three-credit course 6ffered at Purdue University in the spring of 1989.
Knowledge of course materials and learner attitudes were assessed at the beginning and
end of the semester. Pre-study data suggested that the eXperimentél and control groups
were similar in knowledge and background.

Be'cause of difficulties with the hardware and software, the off—éampus group was

further subdivided into two groups. One group learned from print material and did not

send e-mail or participate in computer conferencing. In essence, they were taking the

course in a manner similar to correspondence courses. The other group did participate in

CMC and learned the course material via the computer network. The on-campus group

was taught in the traditional lecture method. The content for all groups was identical.

The results showed a significant difference in achievement between the three

groups. The correspdndenée group was significantly higher, while the CMC _gfou‘p had

the lowest scores on the final tests. However, the overall final grades showed no

significant differences between groups. The authors cite the nature of the final test, a
low-level recall examination test, as one possible explanation for this discrepancy. Also,

the fact that the correspondence group was supposed to be a CMC group, then had

methods chaﬁged, may have led to overcompensation on the part of that group.
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- As for time on task, the two distance learning groups spent significantly more
time on task than the on-campus group, with the COrrespondencé group spending the most .
time on task.

There were only two significant differences in attitude measurements. The
computer conferencing course members believed that the coufée was not taﬁght at the
right level for the materials leafned. The other difference was found between the
computer conferencing group and the on-campus group: the cdmputer conferencing
group believed they worked much harder in the course than their on-campus counterparts.
Finally, all groups had higher scores on the attitudes—téwards-computers scale at theend . -
of the study.

The authors concluded by stating that the study provided insufficient evidence to
suggest that comi)uter conferencing was not an accéptéble alternative methéd fdr teaéher '
training. However, they could not‘conclu‘de that their study showed it to b¢ an acceptable
alternative. Despite ‘somé of the negative findings, the aﬁthors-lbelieved that the overall:
results of the study were encouraging.

Schutte (1996)“ reports th¢ .fipdings of an pxperimenfal Study done in his Social
Statistics courses at California State University at Northridge. Schutte notes oﬁe of the
reasons for the study was the lack of quantitative studies regardi_ng the effectiveness of
the virtual class versus the traditional class with regards to student performance.

The sample in Schutte's study consisted of 33 students in a Social Statistics class,
who were in the class for the entire semester; Of those, he placéd 17 in _t‘he traditional :

class setting, and 16 in the virtual class. The traditional class students attended class as
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usual, listening to lectures, handing in homéwork assignmnnts, and. taking examinations.
The other group took an on-line version of the course, completing assignments‘ ona
World Wide Web site, posting questions and comments to an electronic discussion list,
and meeting with their professor in an Internet chat roorn. Each section was given
identical instructions by the instructor ns to the scope, content, and expectétions for the
class. After an initial orientation session, tnese students only went to the classroom for
the midterm and final exam.

Results frbm the exams indicated that the students who took the course 1n the
virtual setting scored on average eighteen points higher on the midterrn; and twenty
points higher on the final. These results held across all fonr question types in his exams

(matching, ob,jecti;e, definitions, and problems), and all .were significant differences

- ‘(alpha = .10). Post-test results found significant differences in the two attitudes of the

two groups towards mathematics, the amount of student contact, the time spent on the |
class, perception of flexibility of the class, and the understanding of the material. A
demographics survey found no significant differences in age, sex, ethnicity, college year,

or grade poinf average between the two groups.

Schutte noted that the results surprised him, that he expected the reverse situation:

the traditional class students would do bétter. He believed that part of the reason for the

better performance on the part of the students.in the virtual class could be found in the

fact that they’ formed study groups to compensate for the lack of face to face meetings = -

with the instructor.
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Schulman and Sims (1999) documented the findings of -an experimental study |
conducted during the fall semester of 1997. Students enrolled in five undergraduate on--
line courses participated in the study, designed to measure the learning of the course
material. The course titles were Organizational Behavior; Personal Finance, Managerial
Accounting, Sociological Foundations -of Education and Environmental S~tudiés. In tdtgl,
40 undergraduate students were enrolled in the on-line courses and 59 students wefe

enrolled in the in-class courses during this period.

A pretest was given to measure the level of knowledge students had-of the course -

content prior to the start of the courses. Once the coursework was complete, a posttest

was given to test the course content. Using a matched t-test, the results indicated that for-

~ both groups, the posttest was significantly higher than the pretest. On the pretest, the
onlihe group scored significantly higher than the in class students did, yet on the posttesf,
there existed no significant differeﬁce‘ between the two groﬁps.

The authors conclude by stating their results may i'ndicate.t_hat students who self-
select for on—line; courses may be better preplared for the course material fhan those
students \;vho choose an in-class version of the course.

Walther, Anderson, and Park (1994) report the findings of a meta-analysis that
.examined the effects of time restriction on social interaction in CMC. One area of.
examination concerned the cues-filtered-out berspective. Thisis a catch'ﬁll term for -
sex./eral theories that describe éntisocial and/or impersonal communication in CMC.

There are several studies that support the notion that, due to the lack of non-verbal cues

in CMC use, uninhibited confrontational communication (flaming) is common in CMC -
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courses. The authors of this s.‘tudy‘ state that this is a case of over-reporting. They found
little evidence of flaming in CMC, and found CMC groups with no examples at all. They
cite other studies that suggest that the lack of non-verbal cues is an insuffi(.-:ient‘ predictor

of the nature of CMC interaction.

The social information processing perspective is presented as an alternative to the S

cues-filtered-out approach. This perspective believes that CMC cannot convey all the

task-related and social information in as little time as face to face communication can, but-

the users ‘of CMC adapt into the stream of language and textual be.havio.rs messages that
might otherwise be non-verbal. Therefore, more fcime may be need‘e'd‘: in CMC situations
than in face to face communications in order to completely exchange all information.

The meta-analysis examined more than 350 reports on CMC cé)nferencing, asking
two questions. The first hypothesis dealt with socially-oriented communication, the
second with limitations on message eXchanges. In particular, the first hypothesis stated
that they believed there would be a greater pr-oportion of socially oriented coﬁlmﬁnication

in unrestricted (time-limited) than in restricted (time limited) CMC interaction, and the

difference between face to face and CMC interaction on socially oriented communication

is greater in restricted than unrestricted interaction. The second hyprothesis stated that
£here would be a smaller proportion of negative/uninhibited communication 1n |
unrestricted CMC.in'.te‘raction, and that the differences be;[ween CMC and face to face
Interaction on negative/uninhibited commﬁniéation is greater in réstﬁéted than
unrestricted interaction. Because of several factors, only 21 ‘studies were used to analyze

hypothesis one, 14 to analyze hypbthesis two.
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The results showed the first hypothesis to be supported. In other words, there was

a greater proportion of socially-oriented communication in unrestricted CMC interaction

than restricted, and that the ratio of CMC to face to face on socially-oriented

communication is more positive when interaction is unrestricted. Although there were -~

differences supporting hypothesis 2, the differences were not significant; therefore,
hypothesis two was rejected. However;, the authors conclude by stating that since no
differences were found on the negative social dimension, it must be the positive end. Of '

social CMC that changes over time; and that this hypothesis in its own right deserves

further study.

Gunawardena, LoWe, and Anderson (1997) documented their findings of a study
done concerning the social construction of knowledge during an on-line debate using

CMC. In particular, they wished to find out if knowledge was constructed within the -

* entire group by means of exchanges among the particiﬁants, and if individual participants

changed their understandirig, or created new constructions as a result of i.ntc_eracti(sns with
the group.

The ‘sﬁbjects for this study were the participants in an on-line debate that took
place June 5-11, 1995 as part of the World Conference of the International Council on
Distance Education.“ Fix}e hundred and fifty four fﬁembers were invited to choose eithéf‘
the affirmative side or negative side of the question being posed to the debaters.
Asynchronqus communication in the fdfm of posting to bulletin ‘bo‘ards was used as the
method of communiéation émong the debaters. Most of the 554 participants were |

specialists or advanced students in the field of distance education.

d
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To analyze the.communication ,thét took place, several mﬁ:thods were considered
and then discarded, dl_le to some inherent weakness noted by ihe authors. Instead, the
authors developed their own instrument, the Interaction Ana.ly.sis.,’ Model for Examining
Social jCoﬁstruction of Knowledge in Computer Conferencing. This model looked at the
content of the message, and scored it in one .of five hierarchical “phases™: |
1) Sharing/Compéring, 2) Dissonance, 3) Negotiation/Co-construction, 4) Testing
Tentative Conclusions, and 5) Statement/Application of Newly Con‘str’ucted Knowledge.
According to the researchers, the first two represent lower mental functions, the top three
represent higher mental fUnctioné, with the top phase representing metacogﬁition.

The results of the weeklong debate showed a majority of postings and a majority
of references to resources at Phase I[ or Phase III. This, according to the authors,
indicated a fairly high quality, with several paﬂicipants involved in expldfaﬁbn of
dissonance or inconsistency, and the negotiation of mezining and co—constru‘étion of
knowledge. The authbfs also recognize that the ‘debate format 'hiﬁdered the natﬁral
development of Phase V communication, since members were instructed to remain on -
their “side” of the debate thro._ughout the conference. Despite this, all five phases were
represented throu ghout the conference.

The researchers conclude that the interaption analysis model they developed did
enable them to ::appropriately analyze the exchangés among the participanfs to determine -
if knowledge construction had taken place. The:}i hope that the model will éncourage .

further study of interaction, and will change the focus of the function of CMC as a
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process of knowledge creation, rather than focusing on connected messages with no

regard to content.

Computer Use in Mathematics Education

The next séveral studies examine some of the recent work .that Has been done
concerning use of computers for mathematics education. 'i‘he first section summarizes
fiﬁdings of several studies done on using the computer as an educational tool in
mathematics in a non-distance education setting. The final section focuses in detail én
two studies that examine the effects of cooperative group .learning when usihg the -
computer.

Akbari-Zarin and Gray (1990)“documerite‘d the findings of an experimental study

to determine if the software developed for a college fiﬁite'mathematiés, course was
effective in enhé_ncing critical thinking skills. They also were interested in discovering

the attitudes that the students had towards the software. They found that the software did

" make a significant difference when'comparéd to the control group, and that the majority

" (75%) of the students had a favorable reaction to using the softwiare.‘ They attribute this

to the design of the software: it focused on more complex problems, rather than ‘
repetitive tasks, which tend to get a less favorable reaction among students.
Judson (1990) documents a similar experiment, this-time using a calculus class

and the program Maple. Her findings showed no significant differences between the

- control and experimerital groups in achievement. When student attitudes were surveyed,

the students responded negatively to the use of the software package, citing the use of _

the software required “too much work” for the minimal (if any) benefit gained.
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Funkhouser and Dennis (1992) studied the effects of computer-augmented
mathematical instruction on problem solving for high school students. The findings

showed that the experimental group did perform better on standardized tests in geometry

and algebra, in addition to showing a significant gain in solving word problems.

However, all other academic measurements showed no s'ig_nific’ant difference, so the
authors concluded that their results were mixed.

Funkhouser (1993) followed up fh’is study with a report on the student attitude
towards mathematics by those who used the software. He reports that students Who‘ ‘used
the problemQSOIVing comi)uter software were more positi\}e about themselves as learners,
and had a more jpositive view of mathematics as a discipline.

Mayes (1.992) conducted a similar experiment to Funkhouser and Dennis, except
his control group received training in problem—soly@ng skill, in this situation not using a |
computer. Results showed that both c.ontrol and ‘e‘x.perimental' groups made geﬁns, but
the experimental groﬁp posted gains for students at the medium and high level of
mathematics ability, while the control group posted gains at the iow and high level of |
mathematics ability. Mayes concluded that students at lower levels of ability'may not be
able to overcome the problems of learning-the technology.

Tilidetzke (1992) studied the effects of computer-aided instruction (CAI) on

“college algebga students. His results showed that the experimental and control groups

had no significant differences in academic achievement. He concludes by stating that

this result shows CAI'may be a viable alternative to classroom instruction in a college.

level algebra course.
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Other studies in various mathematical diséiplines and over Varidus agés find
similar results: the group(s) using computers either outperformed or performed the same
as their non-computer counterparts (Heid, 1988; Ayers, Davis, Dubinsky, and Lewin,
1988; Palmiter, 1991; Tall and Thomas, 1991). Most cite one other reason beyond the

~software or use of the computer as the Possible reasbn for gains. This is the Hawthorne

Effect; students respond because the use of computer software or‘computers‘ for
education is new. Other reasons, such as difference in instructors, or pre-existing
differences are cited by soﬁle of the aﬁthors. |

One item of interest can be found in the Judson (1990) study. The students did
not make any significant gains in achievement in this study, and they alsp reported -
having a negative attitude towards the use of software. This seems to correspond with
the findings of ITV and other video technologies; that achievement and attitude towards

the technology seem to be tied together.

Collaborative Learning'-usingthe Computer
| Mevarech, Silber, and Fine (1991) dbcumented the fi_ndiijgs of an experimental
study whose major purpose was to determine the effects of cooperative computer
assisted instruction (C-CAI) and individualistic computer assisted instruction (I—CAI) on
mathematics achi;vement, mathemaﬁcs self concept, and mathematics anxiety. Also of
importance was to deterrﬁine to what extent do the methods exert different effects on |
low, medium, and high ability students. | |

The s;ample was made ﬁp of 149 sixth grgde st;u(_}en,ts from one school located iirlly.‘:a o

suburb of Tel-Aviv, Israel. Seventy-eight of the participants were boys, seventy-one
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participants giﬂs.‘ Subjects had no prior experience with co.mputers,‘ as none had families
that owned a home computer nor had the school purchased computers at this point.
Subjects were given a pretest to rénk them into three differert ability groui)s: low,
medium, and high.

‘T;) meaéuré achievément, the software itself was used to evaluate eéch .student’s' |
the mathematical achievement of each student. Scores were presented as a two-digit
number. The first digit represented the grade level of each student, the second digit
represented thé month. For example, a g;ade of 62 would indicate that a particular
student was performing at the abil.ity'level of a si“x‘th grader, at the second month of
schooling. These scores were obtained at the beginning of the study, at the end of the
study, and two months after the study had ended. In addition, the Arithmetic
Achievement Test was ad‘rﬁinistered before thé study began, to determine each student’s -
béginning level of mathematical achievement. The scores from this test were used as a
covariate.

The affective variables were assessed by a thirty-item questionﬁaire;. 18 of the

items were designed to measure mathematics self-concept (MSC), with the other 12

. items designed to assess mathematics anxiety (MA). The test was adapted from a

questionnaire designed by Mevarech and Rich (1985). This test was given one week

. before the beginning of the. study, and at the end of the study.

Based upon the pretest, the students were separated into groups of three. Out of

these triads, students were randomly assigned to work either in pairs (N=90) or as

individuals (N=59). Each week during the study, studénts would have two 20-minute”
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sessions at the computer. The students working in pairs (C—CAI) took turns at the
keyboard, discussed problems, and together decided upon the correct solution. The I-
CAI students worked with the same program, just as individuals. It should be noted that .
when all tésts were given, students worked on them individually. ‘Students were also
allowed to use the system on their own time after the lessons had endgd. |

Since the variables were all intercorrelated, Multiple Analysis of Covariance
(MANCOVA) was used to analyze diffe.rences between treatment groups, ability groups,
and the interaction oﬁ achievement, MSC, and MA. | This waS'folldwed by sevéral
univariate ANCOVA’s to determine the effects on each dependent variable. The
findings indicate that when overall controli‘ing for initial differences in achieveﬁent, the |
main effects for both treatment and ability were statistically signific‘ant (p < .05).
However, the interaction term was not significant. So, the students 1n the C-CAI group
performed significantly better than did the students in the I-CAI setting.

For mathematics anxiety, again controlling for initial differences in achievement,
the interaction term was significant, as was the ability main effect;lbut the treatment
main effect did not find a significant difference for mathematics anxiety. It was show'n'_
that although the rﬁath anxiety decreased in both grdups,‘ the decrease was greater in the
C-CAI group than in the I-CAI groiip.l And, the only significant cfféct on math éelf—
concept was ‘found for ability, meaning the; treatment did not make for any significant
difference. The authors state that two factors may contribute to this. First,‘since‘ both the
pretest and posttest mean scores on MSC were near the maximum poésible score, the

ceiling effects may have confounded the treatrriéﬁt effects. 'Secondly, since it was the
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first time that all students were exposed to the use of a computer, the use may have
affected them equally.
| The authors concluded that the main reason for the advantageé gained by students
in thé C-CAI groups was the interaction between ;c,tudenps during the learning process. -
‘They state that future research should examine student’s learning interaction when usiné
computer program other than the drill and practice kind used in this experiment; for |
example, a program that focuses on problem-solving tasks.
Hooper (1992) documented a study that compared the effects of completing

computer based instruction in groups and as an individual, investigated the effects of

. group composition (heterogeneous or homogeneous) on achievement, and identified

relationships between intragroup discourse and achievement.

The sample for this study consisted of 115 fifth and sixth grade students from a

suburban, mostly white middle school. The students weré classified as high ability or -

average ability in mathematics based upon the mathematics subscale of the.California
Achieyement Test (CAT). The mean percentiie CAT score foir the high ability students -
was the 95 percentile; for the average ability student, the 64™ percentile. After
randomly assigning the students, a total of-36 students worked individually, with 20

being classified as high ability, 16 classified as average ability; the rest "(79:students)‘ ‘

worked in groups of 2 (usually), with 38 of those students classified as high ability, 49 as _

average ability.
Before the study began, the students participated in a 90-minute training session ..

on learning how to work in groups, and how to communicate effectively within a group.
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Observers were also trained on how to recognize and record various interactions between
studénts.

The tutorial used in the study consisted of three segments. In each, students were
instructed, answered practice questions, and then completed a mastery quiz. If they
passed the quiz, they went to the next segment. If not, the tutorial instructed the students
to find (and if working in groups, to discuss) their errofs, then attempt a paraﬂel Versioﬁ |
éf the quiz. After three attempts, if the students still had not mastered the content, thesr _
would begin the next segment.

The posttest consisted of 40 questions, with students having a total of 17.5

~minutes to complete the exam. The questions were broken into the following four

categories: factual (7 questions), applidation (13 questioné), generalization (10 questions), -
and problem solving (10 questions). The students took the posttest as individuals, with
the test being given one week after instru,ctioﬁ. :

The study reported the following significant differences in achievement. For
group versus individual l‘eémers, it was found that there ¢xisted no ‘sigrﬁfice‘intl difference

between the two groups on the pretest. On the posttest, it was determined that students

‘who completed the tutorial in groups scored significantly higher than did those students“

who worked on the tutorial as individuals. For the intergroups, the heterogeneously
grouped students scored significantly higher on the pretest than did the homo geneously
grouped students. However, on the posttest, the only significant difference that could be

found appeared between the homogeneously grouped high ability students and the

. !

homogeneously grouped average ability students; and that difference only was significant
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in the problem solving part of the posttest. Also, overall the -heferogeneously grouped
students significantly outperformed the homogeneously grouped students on problein— |
solving questions, seeming to suggest that heterogeneous érou_ping may be better for
complex tasks.

On the mastery quizzes, another significant difference was found. Students
working alone attempted more mastery quizies than did the students working in groups.
Also, as vthe lessons becarﬁe more complex, the number of ciuizZés attempted rose
significantly for all groups. |

For the amount of time on task, the only significant difference appeared between
the homogeneous high ability groups and the hoﬁogeneous average ability groups, a |
result that could be expected. |

Concerning the discourse within the groups, SOmé, but not many, significaﬁt
indicators were found. Helping behavior and the helping behavior of partners proved to
be the only significant predictors of posttest achievement. Fqllow up-analysis indicated -

that high ability students generated significantly more help in homogeneous groups than

~ in heterogeneous groups, with no sigflificant difference found among average students.

The author concludes that both high and average ability students were more
successful in completing the tasks in groups than as individuals. This implies that when
desigﬂing a program f_or use on the computer, designers shéuld try to make the ‘system as
grouﬁ—use friendly as possible. He further states that fhese results inay not transfer acrdss

age groups or subject matter. Also, without the interaction training that the students
: ‘ KA
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received, they may not have attained the same results. Further research is suggested in
these areas, as well as.conducting a Study including low ability students.

These two studies had similar conclusions: students who work in groups with

technology, even if they have had no prior experience to computer or software use, make -
greater academic gains than those who work as individuals. Mevarech, Silber, and Fine

(1991) believed that the interaction between the students was the key to the advances

gained by the students in cooperative learning groups. Hoopef believed that grouping

heterogeneously, as opposed to homogeneously, would bé better for complex tasks and

assignments. The Mevarech, et. al. (1991) study also seemed to indicate that students
who worked in groups experienced less mathematics anxiety than did those who worked

alone.

‘Computer Anxiety, Attitudes and Gender

This next section examines some of the literatﬁre concerning computer anxiety, as
it relates to both age of the sfudent, and the gender of the individual.

Gressard and Loyd (1987) documénted the findings of a s;tudy designed to
investigate the effects of math anxiety and gender on three computer attitudes which have
all been identified as being related to achievement in computer fel’_ated coursé's:’ corﬁputef

anxiety, computer confidence, and computer liking.

Three éeparate groups, totaling 356 students, Wefe-i’nvolvé_d in the study. The first

group consisted of 161 junior high and high school students who were enrolled in an

accelerated language arts class. From this group, 52 of the students were male, 109

female. The second sample consisted of 76 students (37 male and 39 female) from a
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small liberal arts college. The third sample was made up of 1 19 students (50 male and ‘69‘
female) who were enrolléd in a developmental mathematics course at a local community
college.

Computer attitudes were méaSured by the Computer Atﬁtude Scale, a forty-item
-questionnaire developed by Loyd and Gressard first in 1984, and later modified. The
instruments’ items can be placéd into four categories: Computern Anxiety, Compufer |
Confidence, Computer Usefulness, and Computer Liking. Each category consists of ten
separate items, and presents both positively and negatively worded statements. S.tudentsf
respond to each item by selecting one of four possible answers, ranging fro'fn étrongly
agree to strongly disagree.

Mathématics anxiety was measured by using é modified version of the
Mathematics Anxiety Scale, developed by Fennema and Shérman in_ 1976. This ten-item
questionnaire also has a set of six resp"énses ranging from strongly égree to stfongly
.disagree. mforﬁation about the gender and ‘compliter experience of each student was
also collected. | | -

The overall means and standard deviations of the Computer Attitude Subscales
and the Math Anxiety Scale indicate that the students as a whole had a neutral to positive ”
at’;itude towards both computers and mathematics. Also, after performing regression
analysis foreach of thé three groups (the junior and senior high students, the liberal arts
students, and the community c'ollege Stﬁdents), computer experiénce was found to |
account for a small but significant amount of the vériang:e of thé fhree computer attitudég :

(computer liking, computer anxiety, and computer confidence). The correlation between
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computer experience and attitude was positive, inferring fhat more. comp\Uter“experience.
corresponded to a more positive attitude about computers. For each of the three groups,
the addition of mathematics anxiety significantly in(-:reased the aﬁount of variance
“explained iﬁ all three compu.ter attitudes. The resulté suggested that the.less méth anxiety
a student had, the more positive was their attitude towards computers. Fivnal.ly, for each
of the three ;g.roups, the addition of the gender VariaBIe into the regression equation did
not significantly iﬁcrease the explained variance of any of the three computer attitudes.
There was very little correlation found between gender and attitude towards the
computer, not enough to be considered statistically significant: The study also found
there to be no statistically significant correlation between gender and math anxiety, which .
seems to contradict several earlier studies. The authors suggest that one possible
explanation for the change is that more educators are aware of the anxieties thaf fémales
have felt towards math and computers, and have taken steps to alleviate tﬁose anxieties
before they become a block towards achievement.
The authors conclude by stating that mathematics anxiety may be a small bﬁt
fairly important factor in the high corﬁputer anxiety and low computer confidenc-e‘ felt by .
éevéral junior high, senior high, and college students. The authors suggest that perhaps
schools make the effc.>rt to disassociate computers and mathematics as being similar
subjects. Also, since the study shows that the two anxieties are _éorrelafed, perhaps
techniques used to élleviate mathematics anxiety ‘<-:an be applied, with soﬁe modificaﬁon,‘ “

to relieving computer anxiety as well. b
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Swadener and Hannafin (1987) documented the findings of a survey used to

determine attitudes towards computers by sixth grade boys and girls. Since several
studies had been done on older students showing differences in attitudes existed between

' genders, the authors wished to see of the same held true for younger students.

The students in the sample were 32 randomly selected sixth grade students from

two 'schools in a moderately sized middle class suburban/rutal school district. There were

15 females and 17 males that took the survey.

The instrument designed for this study was a 17-item questionnaire. The items

were broken down and classified into four major categories: self confidence in the use of

computers, perceived utility of computers, general attitude towards computers, and

gender roles in computers. Originally consisting of- 30 items, the test was administered

several times to a different group of students in order to discard items that were not

consistent with the construct assessed by the individual scales. In the end, fouritems fell

into the first category, self confidence in the use of computers. There were five items

each in the second (perceived utility of computers) and third (general attitude toward
computers) categories. Finally, there were only three items in the final category, sex
roles in computers.

J W

For testing purposes, the students were divided into two different groups, one

based upon the gender of the student, the other based upon mathematical achievement.

Mathematical achievement was based upon a district-wide criterion referenced

mathematics skills test. The survey was done towards the end of the school year. It = - s
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should be note(i that there was never any fqrmal instruction in the use of .computers for
any of the students prior to this study.
Results in each of the four categories were computed (using ANOVA_) and

reported. Under the self-confidence in the use of computers category, a significant

difference was found based upon mathematical achievement. The higher achieving

students had significantly more self-confidence than the lower achieving ones. There

was no significant difference between 'genders in this category.

For the perceived utility of computers category, a ma;ginallinter.action was found.
The low achieving females rated the utility of computers higher than the high achieviﬁg‘
females. For the boys the opposite was true: The high achieving boys rated the utility of
computérs higher than the low achieving boys. However, no main effects were‘ found for
either gender of student or mathematics achievemenf.

Under general attitude towards computers, the same results as .for"—che::‘sqc0nd _ 3.‘;
category occurred. No main effects were found, and a mild interaction was obtained.

Again, the high achieving females sided with the low achieving males in reporting a less

positive attitude, and the low achieving females joined the high achieving males in
reporting a more positive attitude towards computers. ' S I
The three questidns that dealt with sex roles in computers were evaluated

individually, rather than as a group. Interestingly, in all cases the ratings by ﬁde and

female sixth graders were virtually identical, both for their own ‘gcndér as well as towards

the opposite sex. This is in direct contrast to similar studies done with high school

students.
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The authors raise several points of discussion based upon the results. First and
foremost, these findings suggest that bdys and girls at this level respond with greater
similgrity than difference. Also, it appears that self-confidence is an important factor in .
computer partic;i;;ation for both sexes. And, although the fact that the high ability
females and low ability males fesponded the same on two of the categories is perplexing,
the fact that the sample size was small may have accounted for this oddity.

) The authors conclude the article by stating it appears that Cﬁanges in attitudes
among the sexes towards the use of technology occur somewhere between the sixth grade
and the.\upper grades of high school. Attempts to understand more precisely th¢
influences that effect perceptions towards computers in junior high and high school may
yield methods to keep females interested in working with Compufer's.

Hayek and Stephens (1989) documented the findings of a stﬁdy used to determine

factors affecting computer anxiety among high school computer science students. The
_researchers point out that several pr‘e'vious studies (including Gressard and Loyd, 1987)
found no, or very small, differences in anxiety levels for rﬁales»“and feﬁdes. They
summarize that the research is similar to that done on mathematics anxiety; that

differ'ences, if found, ‘are usuaily small and almost always favor males

o Computer anxiety in this stu.dy was measured by the Coniputer Anxiety Index

(CAIN). The CAIN uses a Likert-type inventory scale; the higher the "score, the more
computer anxious the individﬁal is determiﬁed to be. Computer science aptitude Was also |
measured. The instrument used to gather this infonnatié)n was the Kohvaliné—Stephens:' i

Wileman (KSW) Computer Science Aptitude Test. Both instruments have been shown to
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be valid and reliable in various studies (Maurer and Simonson, 1984; Wileman, Konalina,
and Stephens, 1981). Mathematical Competency Wés alsvo checked, using the Beckman—
Beal Mathematical Competenciés Test for Enlightened Citizens. |

Fifty-two students in gradés 10-12 enrolled in computer science courses
participated in the study. There Werg nine sophomorés, eleven juniors, and thirty—twé
seniors enrolled; nineteen of the students were female, while the rem.ainivng thirty-three
' Were males. Most (42) of the students were enrolled in a beginning computer course |
(BASIC Programming); only 10 were enrolled in the advanced course (Advanced o i
BASIC). It should be noted that of the 10 enrolle;i in lthe advanced course, only one was

female.

During the first week of the semeste.r, the CAIN, KSW, Beckman-Beal and -
demographic surveys were administered. At the end of the semester, the CAIN was :
readministered to obtain a post—courée.anxiety level.

A t-test was used to compute the results. Thé results showed that students who |
had prior experience with computer use, and those who had a computer at home had
significantly lower levels of cbmputer anxiety (p <.01). Theuse éf a cdmputer on the
job by a parent, college dégree of parent(s), sex of the student, and completion of the ~f‘i.rSt
semester of BASIC ilad 1o significant effect on the level of computer anxiety in this |
study. The study also shéwed that both pre-course and post-course anxiety scores WEfe

related to the final course grade that the students received.

The conclusions made by the aut-hors’we"re brief!. They believed further research: ~*

ought to be done concerning the effects of the specific type of computer exposure that
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might best reduce computer anxiety. They also believed that research might be done to

determine the optimal time to introduce computers into the classroom experience, given

that they are a necessity in almost every aspect of society today.

Dyck and Smither (1994) studied computer anxiety among adults, rather than

focusing on the typical school-aged individual. They wished to compare the computer

anxiety levels between a group of college students and senior citizens living in the same
geographical area.

Two hundred and nineteen college and university students participated in this

study, along with two hundred and three senior citizens. Among the college students, 77 -
were male, 142 were female, with an average age slightly less thah 22 years of age. The
average age of the seniors was roughly 67; there were 71 males and 132 females among ‘

the older subjects.

The Computer Attitude 'Scale, developed by Loyd and Gressard in 1984 was one

of the instruments used in the study. The Computer Anxiety Scale was also used, since

the researchers believed it to be representative of more specific situations, while the

Computer Attitude Scale was more general. Questionnaires asking about demographics

. * and computer experience were also issued. Subjects first answered the questions on the
demographics survey and the computer experience questionnaire. Then the subjects

- completed the _Computer_ Anxiety Scale and the Computer Attitude Scale.

Results showed a relationship between computer anxiety and computer

experience in both age groups. This held true re:'gardle's’é of sex; however the relationship -
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between computer liking and computer experience was found to be lower for females
than for males. ‘

A MANCOVA was analyzed using as independent variables age and gender,
covariate computer experience, and dependent measures scores on ttle Computer Anxiety
Scale and Computer Attitude St:ale, and number of yeérs 6f educat_iotr. The reéults; when
examined for age affects, found differences on all "scalesT Older subjects had less
computer anxiety, had a more positive attitude towatds.computets, and indtcated moré
liking for computers than the younger subjécts;, However, older subjects also indicated .
less computer confidence than did~younger subjects. When the results were“eytarrlined for
gender affects, the only difference was found to be in the number of years of education,
with the males having more years than females. There were no differences atnc_mg the
genders in any of the computer attitude or anxiety scales.

The researchers concluded both age groups showed a Correspond‘ence between
lack of computer experience and higher levels of anxiety. There exiéted no significant
differences in an).(iety between sexes. The authots_ believe that the reason differences
exist on the attitude and anxiety scales warrants further investigation. They hypothesized

it could be due to how each group has predominantly used the computer in their lifetimes.
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CHAPTER 2
DESIGN OF THE STUDY | ' -

Conceptual Framework

As described in the Literature Review section of Chapter 1, the use of distance

learning is a viable alternative to traditioﬁal classroom teaching. In most of the studies,
the students coulci easily communicate using CMC with other members of the courée, but
it was rare that students worked together in collaborative, long-distance groups (Hiltz,
1993; McComb, 1993). For those that did, asynchronous communication was always the
method qf choice for communication; synchronous communication was not used.

As the use of distance courses offered over the Int;:mét inérease, so too will the
questions pertaining to the most effective way to conduct such courses. One of the major
questions in this regard is the effectiveness of the commun_ication between students or

between the student and the professor. In his study, Shutte (1996) hypothesized the

reason students taking the course over the web outperformed those in his classroom was

due to the fact that students in the experimental group were “getting together and working

on the assignments”. Other researchers came to the same conclusion about group work
among students (Mevarech, Silber, and Fine, 1991). Of course, this is virtually

impossible for students learning in a true on-line distance education format. Instead, if

these students, are to “get together and work in groups,” they will have to dosoin a
virtual format using a method of communication made available to them. This probab1§i I |

means one or both of the following formats: bulletin board or chat rooms. But does the
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- communication on line (i.e., the amount of communication, and/or the intellectual level

of the communication) affect academic performance? And does students communicate
differently on-line depending upon location, that is, depending on whether they are on
campus or off campus? That was what this study intendéd to find out. ..

Gunawardena, Lowe, and Anderson (1997) studied the use of cofnputer—mediated -

conferencing for a global online debate in an attempt to examine the negotiation of

meaning and the construction of knowledge that took place in that collaborative learning

environment. Their results from this and another study confirmed their belief that the

instrument they used was valid - that it accurately reflected the knowledge construction

of the participants in computer-mediated conferencing. However, in both uses of the ' I g7

instrument, the audience consisted of primarily professionals, all approximately equal in -

skill and knowledge. They recommend that the instrument be used for the evaluation of

computer-mediated conferences where there exists a moderator or teacher of greater skill,

so long as this moderator is open to conceptualizing the learning procesé as joint ; I

construction of knowledge. Such was the case in this study.” This study will add to the

body of knowledge of how computer-mediated conferencing allows for the construction’

of knowledge on the part of the participants. This will hopéfully lead to better design of -

distance learning courses that contain computer-mediated conferencing or collaborative =

group work as a primary component of the course.
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Description of the Population

The population of this study consisted of students who were enrolled in two

- courses offered by the Department of Mathematical Sciences at Montana State University. . -

during the Spring Semester of 1999‘ and that used vs;eb based instructioﬁa‘l and
communication materials as a primary feature of the C(.)LII‘S'C. The students who enrolled
in these courses during this semester comprised a fairly homogeneous group; most were
pre-service or'_in—service middle school and/or high school mathematics and science
teachers. A large percentage of the in-service teachers whé enroll in distance education
coursés are Worldﬁg towards completion of a master’s degreé in math_einatics education
or a master’s degree in science education. Each semester oné to three courses fitting this
description are offered in the ’department of Mathemétical Sciences, and enrollment is‘ '
typiéally between 15 to 20 students in each class. ‘Enrollment in these classes is slightly
higher in the summer. All members of the population were included in the study.

The population for this study consisted of 18 students enrolled in Modern B
Geometry offered at Montana State Univérsity— in-t'he Spring Semester of 1999. Thé
course was offered as both an undergraduate cburse (Math 329) for t)rejscrvice secondary
fnathematics teachers and a graduate course (Math 527) for in-service secondary
mathematics teachers. Fourteen of the eighteen students were enrolled in the Math 329
level of the course, four in the Math 527 level of ‘the course. Even though one coﬁrse was
an imdergraduate Tevel course, the other a gradlljtate levg,l course, the ‘cé)ﬁtent of the rtWo - o
courses was identical. A course syllabus can bé found .in Apﬁendix C. The course was |

not taught in a traditional lecture setting; instead, the course materials (with the excéption
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of textbooks) were delivered to students via the Internet ‘throﬁgh the use of the World
Wide Web. The students who enrolled in this course were mostly secondary mathematics _
teachers or undergraduate students majoring in secondary mathematics education,
although enrollment in the course was open to any student who met fhe prerequis_it'es.

All four of the students enrolled in the graduate level version of the course (Math

527), and one student enrolled in the undergraduate level version of the course (Math

329) resided off campus during the duration of this study. The other thirfeen students

enrolled in the undergraduate level version of the course (Math 329) were all
undergraduate students who were taking other courses on campus at Mc')ntanaVSta‘te
University during the spring semester of 1999.

The eighteen students were placed into four collaborative work groups consisting.

of four or five students each. The five distance students made up one group. The other

three groups were made from the thirteen on-campus students. The members of these

three groups were chosen by matc;hin-g on prior mathematical ability,-‘ with geﬁder asa
secondary matching variable. Prior mathematical ability was determined_ by the student’s
college grade point average in all lmathemét‘ics c'ourses that coﬁnt towards earning a
degree in secondary mathematics. Students did not “self assign” themselves into any
group. Once a member was plécéd into a group, he or she was not moved"to :anéther‘ |
group.

Iﬁ addition to completing the gfoup ‘probl‘em—solying tasks -.c‘)n—line,‘ the 6n-campi1§

students had the opportunity to meet during the week té discuss these tasks as well as ~

other concerns associated with the course. The students who took the course at a distance
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also had these same opportunities, but each meeting was conducted completely‘on-line
using the MSUlink First Class Client synchronous chat room. |
‘Conducting the stﬁdy in the Modern Geometry and Geometry for Teachers
éourses as opposed to the other courses offered with a distance learning component was
primarily the choice of the researcher. While there existed about 10 other distance
education courses offered during the 1999 spring semester at Montana State Univgrsity,

Geometry for Teachers and Modern Geometry are mathematics courses, which is the

major field of study of the researcher. The students who comprised this class were a

fairly homogenous group; most are or soon will be secondary mathematics teachers.

The reason that matched samples were used to Create the heterogeneous
undergraduate groups was to help eliminate extraneous variables, and thus help dinﬁ.nish .
the variability among those groups caused by factors other than the treatment. It was also

_theorized by Hooper (1992) that heter.o_ geneous groups did better on éomplex problem-

solving tasks than did homogenous groups. -

Description of Treatments

The treatment in this study was the use of on-line communication tools in order

for the students to communicate in their problem-solving groups when solving each

weekly task. This communication could take place either as a message posted on the

bulletin board (asynchronous communication), or through the use of the chat room

(synchronous communication). Messages and chats were posted in each group's "folder".

The folders were labeled according to-group name - Red, Blue, Gree'ﬁ, or Yellow. As
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described;eaﬂier, each group consisted of four or five students from the Modern
Geometry or Geometry for Teachers courses. The undergraduate sfudents were
heterogeneously matched into each group according to their prior mathematical ability;
the off campus students comprised one group. The mathematical content covered by all
groups was identical. Tﬁe study analyzed the mannér in which the students
communicated with each other when solving the group tasks.

The Modern Geometry and Geometry for Teachers ‘qourses fo; spring semester
1999 were 15-week courses. During the first two weeks, étudents v;/e.rf: given activitiés to
familiarize themselves with MSUlink and the First Class Client software, the software
they used to communicate with each other and the instructor tMou'ghout the entire course. : .
After tﬁis, for eleven weeks, the students were required to complete one acti{/ity per week
on-line working in their assigned éroups. Each week all four -groupsf worked on tﬁe same
problem. For the last two weeks of class no group activities were assigned; instead the
students completed other work, such as their-final project, and took the final test. -For' a
cc;mpleté syllabus of the course, see Appendix C.

The weekly group tasks were to be addressed collaboratively, with each stﬁdent-
contributing ideas, responding to ideas, proposing strategies and procedures,

demonstrating solutions, and summarizing and reporting their groups' findings. A

~ complete record of each groups' deliberations was recorded in electronic form using First

Class Client's messaging and chat tools. Substantive contributions. tbv these deliberations

that took place in face-to-face or phone conversations were to be referenced and
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reiterated in the on-line electronic commun'ica}tions of the group. Groups failing to do SO
were to scére lower on weekly group tasks. B

When students were working on the assigned group task on-line, they could use
either the ‘synchron‘ouAs communication environment or the asynchronous. communication
envirqnment. Students could use other methods of communication, such as e-mail, face
to face discussions, and even phone conversatioﬁs to discuss the problem with other-
group members, or with other members of the class. Students could have even queried
students from the other groups; this can be done on-line, through p{ﬁone conversations,
etc. However, any pertinent and relevant information related to sblving the task was to
be recorded on-line in their group folder. This was done automatically if the information
was in thé form of a bulletin board message; if it was in the form of a chat, a student
"~ would hévé to post that message on the éyétem. For bulletin board postings, it was not a
requirement that students make a set amount of posting per week, although they were
highly encouraged to use the software as mUCh as possible. It was also not a requirément
that each member of the group be present at all times for all chat room meetings, but °
regular attendance was expected. Once fhe group has soiVed the problem to thei-r‘
satisfaction, they wouid e-mail their answer to the instruct‘or.. The group was to decide
who would complete this task; the instructor did not designate a group memb;:r.

The group problem-solving task was usually posted Monday mofning and
students had until Sﬁnday e\}ening at 5:00 Mbunita’in Time to complete 1t Assessment of
the activities was based on the same criteria for each grbup, not depending upon which of B

the two communication environments were used to complete the activity, or how often .
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the communication environments were used. All members of each group received the
same grade on each fask. For a complete listing of all group tasks, turn to Ai)pendix B.
- For the thirteen on-campus students, the weekly classrooni 'Sessions were as
follows. On Mond_ay from 10:00to 10:50, the students met in the mathematics building
for a group diséussion and recitation meeting. In this meeting, the professor bfieﬂy
discussed the recently completed group prleem—solving activity, e)_(plaining the

solution(s) and describing the different possible ways to arrive at the solution(s). The

session was also used to allow students the opportunity to ask questions pertaining to that

problem-solving activity, any previous activity, or any other homework that has been

assigned by the instructor.

On Tuesday, from 10:00 to 10:50, the students met in the ‘c‘omputer laboratory for -

a demonstration/question and answer session pertaining to the technical aspects of the

course. In this session, students were given the Qpportunity to practice working with the -

software required for the course, and were allowed to ask questions they might have had

‘concerning the proper uses of the software. The Monday and Tuesday sessions were

attended by both the instructor of the course and this researcher, whenever possible'.
On Thursday or Friday,.each of the three on-campus groups met with the
instructor and researcher for 20 to 30 minuteé. This session Was dedicated solely to the
discussion of the weekly group problem-solving activity. In these’ sessions, stﬁdents
asked questions they might have had pertaining to the assigned activity.
The group of on-line distance students had combarable opportunities as.tho'se

students who were on campus. Although the actual meeting times varied from week to
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week, most of the time'the following schedule was kept. On Sunday at 4:00 p.m. for one
hour, these student__s met on-line with the instructor to have the group discussion and
recitation session. On Tuesday or Wednesday at 4:00 p.m., these étudents met as a group
on-line to discuss any technical problems or difficulties they may have encountered with
the use of the software. And on Thursday or Friday, for 20 to 30 rhinutes, they got
together as a group on-line to discuss the group problem—solgfing activity. All of the
students in both environments - that of being on—éampﬁs and that of being at a distance -

were aware of the format of the class before the course began.

Methods of Data Collection

Academic Achievement

Group achievement .wva‘s measured using two different variables. The first was
simply the score earned by each group on each weekly task. On most tasks, groups.
recéived scores ranging from 80 - 100 on’'a 100-point scale. For thé group work activity
each member of a group was given the same score, unless the instructor believed that an
individual did not make any contributions in their group to the solving of that task. |

During the course of the semester, the ranking of the group tasks according 1o
specific critéria was proposed as an alternative method of ranking the group-tasks. This
variable v;/as,not part of the original proposal for this stﬁdy. However, it became apparent
during the semester that the scores earned on tasks by each group might not be the best
predictor of group academic achievement. This was because there was little variation in

the scores on the fasks for each group (see Appendix F). Therefore, it was decided to




| A IO W5 —— | o |

69
design a rubric that would discriminate between variations in both content and formatting |
on the group fcasks. This rubric was used to identify variation in the group task that was
not readily apparent by looking at the gradgas. The criteria were developed both the
, 'researche'r and the instructor of the class. The criteria, with an exflanation of its uée, can
be found in Appendix D. In brief, each task was ranked on its content in two to five
distinct areas, on how well the task used or imﬁlemenfed technology, and whether the
proper format was followed by the group in solving the task and writing a solutjon.
These three scores (contént area, use of technology, proper forrﬁat) were then summed,
and each gréup task was given a final ranking based on this sum. Ties in the scores were |
broken by overall content ranking. Scores given by the instructor on the group tasks and
ranking of thé .gr.oup tasks can be found in Appendix F, and an example of a solution
from each group for a problem-solving task caﬁ be found in Appendix E.

The group task found in Appendix E (.group task #5) was fated bn four content
criteria. The first'criterion was the proof of the Pythagorean theorem using the approach
suggested in behold.gsp, a file that demonstrated two solutions of the Pythagorean
theorem. The students were to' construct the proof according to the means suggested in
the file. Thé group rated best in thié category was the Yellow Group, who went above
and beyond the requireniehts of the assignment. They were fOHOWCd by the Green |
‘Group, the Red GrQup, and the Blue Group, r.espéctiveljy. Therefore, for this content "
criterion, the Yellow Group received a 1, the Green Group received a 2, the Red Group
received a 3, and the Blue Group recei.vled‘ a4. ‘By viewing the proof by each group (in’

Appendix E), the differences in approach and correctness can easily be seen.
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The second criterion asked each groﬁp to compare and contrast the mathematics
of the two proofs, these being the proofs by Euclid and by Bhaékara. The Red Group (a
score of 4) and the Blue Group (a écore of 3) barely scratch th‘é surface of the

mathematics involved, and thus received lower ratings. The Yellow Group has a much

more detailed answer, but the Green Group not only answers the question, but provides

an opinion on which they prefer and why. Thus, in this category, the Green Group

received the highest rating, or a score of 1.

The third criterion asked each group to compare and contrast the technology used

in the two proofs.” There was little variation in the answers supplied. The Red Groﬁp's
answer was fairly terse and not very detailed; thus they receiyed..the lowest ratiﬁg (g score
of 4). The Blue Group and the 'YellownGroup had fairly similar answers. It was judgéd
thét the Blue Group's answer was slightly better; thus they received the score of 2, with

the Yellow Group receiving a score of 3. The Green Group did a nice job in their

analysis, and thus r’eceived.the highest rating.

The final content criterion dealt with the completeness and accuracy of the essay, | '
which was to answer the question "How may the Geometers Sketchpad and other
technologies be used to facilitate the discovery and formalization of proof?" The rating,
of this category proved to be more difficult tﬁan the éthers, but discrepancies Wére found.

1t was judged the Yellow Group supplied the most complete answer, followed by the

‘Green Group, the Blue Group, and the Red Group. -
After the rankings of all content c’ritcrioﬁ, the content scores were summed. The T

totals found the Green Group with 6 points, the Yellow Group with 7 points, the Blue
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Group with 13 points, and the Red Group with 14 points. Thus in the category of
Content, the Green Group réceived a final ranking of 1, the Yellbw Group received a
final ranking of 2, ‘thf.: Blue GrOUp rg:cei-ved a final rankiﬁg of 3, with a final ;anking, of 4
scored by the Red Group. | |

Thé technology component of ‘fhe ratings rubric determined the level of
technology in the problem-solving task. The lowest level, entitled "other" was used if the
technbiogy use was not appropriate and/or not cbrrect for the assignment. The next
lowest, "correct"”, was used if the group used technology 1n a correct manner, but still
could have made better use of technology in their .assignmént. The second highest
category was "appropriate”. This category was chosen if the group used the technology
correctly, the format of the technology was apprdpriate, and the use was of technology
was prudent when aﬁswering their questions. The Highest category "insightful" was used
if 1t was judged a group provided technplogy above and beyond what was lrc‘quvircd,‘ and |
the use of the technology was correct and appropriate.

In this task, if was judged that the Yellow group rated an "'insightful'; fating for
their use of technology, and thus were 'give_n a rating of 1 in this cétegory. They provided
several examples when solving the proofs. Thé Red Group and Brlue Group rated aﬁ -
"appropriate” use of technolbgy. To break this tie, further detailed ahalysis i%/as
conducted concerning how each group used technology whén v'vor_lfin_g on“this task. T.he
Blue Group ratéd a 2 in this category, with a score of 3 going to the Red G£oup. The
Green Group rated a "correct" rating for their use of teéhnology. It was fe,lt;‘-th-at, in

comparison with the other groups that this group could have provided more, at least
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including in their report one or two images. Therefore, this group received a score of 4
for their use of technology. o
Finally, it was judged that al‘l. groups followed the format properly. After totaling -
all scores, the Yellow Group had the lowest score, a total of three. Therefore, their task
received the highest ratin g. The Green Group and the Blue Group had an identical total

(five); however, since the Green Group scored better overall in the content critéria, they

followed the Yellow Group, with the Blue Group receiving the third best rated group

task. The Red Group received the lowest ranking for this group task. The rankings of all

-group tasks can be found in a table in Appendix F. Note that in that table, the rankings

were reversed (1.e., the higher the rank, the better) to allow for direct statistical

comparisons.

It was impractical to differentiate achievement levels among individual class
members unless using other achievement variables besides that earned during group
activities. Therefore, individual achievement was measured by each person's average test

score and final test score. The tests given in this course consisted of two parts: a take-

home portion, and an in-class portion. Students had one week to complete the take-home

portion. It consisted of three to six questions. The instructor designed‘the questions on
this tesf believing that it would take the students one or two hours td complete each

question. These questiohs usually involved working with the various software packages
used in the course, some compiicated proofs, or research and discovery qﬁestions. In |
addition to answering each question, the .student;“s were Sometimes required to write a

narrative description of the process he or she used in arriving at their solution. Students
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were asked to work on these tests individually; since theré was no realistic way in which
the instructor could guarantee this, students were on the honor system.
Students were given one hour to complete the in-class portions of the tests. These

tests were strictly individual activities, testing on the ideas and concepts presented

throughout the course. The instructor or researcher proctdred each test. Alignment of all

tests to the course objectives was verified by both the instructor and the researcher.

Content validity was established by the instructor and the researcher.

Communication Phase Level

Communication phase level was measured using the Interaction Ana1y§is Model
(IAM) for examining social construction of knéwledge, \d¢velope,d by Gunawaidena,
Lowe, and Anderson (1997). The IAM was designed to measure the ‘sociél construction ,
c.)f kﬁowledge 1n computer conferencing. The designers of this instfument defined fivé ;
distinct phases of knowledge construct'ion. They are (in hie'rarchical order) 1)
sharing/cbmparing of information, 2) the discovery and exploration of dissonance or
inconsistency among statements, concepts or ideas; 3) negotiation of meaning/co-
construction of knowledge; 4) testing and modification of proposed syntheéis or co-
construction; and 5) égreement ‘s’tatements/application of newly constructed meaning. A
copy of the instrument cém be found in Aﬁpendix A

The authors used the IAM to rate one entire message, rather than rate different

sections of the message as belonging to different levels, as was done earlier by Henri

(1992). According to the creators of the IAM instrument, if a messagé was brokén down

into units of meaning and each unit analyzed séparately, the process.by which arguments,
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hypotheses, and t_heories were advanced would be difficult if not impossible to describe.
This researcher used the; IAM in a manner similar to the creatofs of the instrument; each
cOmpiete message received one rating. The authors note that through use in different
formats, the instrument has proven valid (Gunawarci‘eha, Lowe., and Anderson, 1 997).

‘Phase I and Phase II messages are é(msidered to represent the lower mental
functions, while phases I, IV, and V, represent higher mental functions: Phase I,
Sharing/Comparing of Information, involves participe‘mts putting forth ideas and
-‘examples to the group for the purpdse of either building cénsensus tlllr:<l)ug'h agreement or

for alteration by other members of the group if the message does not fit the proposed

category. Also in this cAategOry are statements of observation or opinion, or the

describing or identification of a problem to be solved. Examples of Phase I

communication are: | ' _ : |
I've been playing around with the sketchpad and have come up with two triangles
to work with. I placed one of the triangles so that its vertex is on the coordinate

(0,0).. The other is an equilateral triangle with the base on the x-axis (Phase /A -
A statement of observation or opinion).

I guess my question is: Is negative space only the different colored space on the
inside of the triangle? (Phase I/E - Definitions, description, or identification of a
problem.) : ‘

The first example exemplifies a typical Phase I message - a statement put forth by -

a group member for comments by other group members concerning the correctness or
p

incorrectness of the opinion. The second statement illustrates a group member

1dentifying a problem that he or she is having, in this case with the technology used to

solve the problem.
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Phase II messages represent the diseover}i and, eXpleration of dissonance or
inconsistencies among ideas, concepts, or statements. An example: -

..Istill have no idea what we nre assigned to do. T have gone through a niajorit};
of the web pages that our instructor gave us and I still don't see how it helps.

Does anyone have a plan of attack? (Phase II/B - asking and answering questions .

to clarify the source and extent of disagreement)

This message illustrates a step ab'ove a’ Phase 1 question. In this message, the
student has clearly been attempting to solve/. the problem on his own by reviewing
recommended resources. This has created tlie dissonance in his oi‘ her mind; leading fo
the question being posed to the group as a}?Whol‘e in an attempt to help quell the
dissonance. |

Phase III messages represent the new construction of knowledge or the
negotiation of meaning. This example illustrates a group‘ member helping to seive the
dissonance of ‘another_in rega_lrds to a definition. -It is ranked at Phase III not because ef
the giving of the definition, but because ef tne explanation that fol*lows._ This shows that
the author of this message has-eonstructed the proper knowledge concerning invariance

under a transformation, and the message allows for the construction of the same

knowledge on the part of the readers.

in the case of a translation, any line parallel to the slide arrow is mapped onto
itself in a sliding motion. In such a case, all points on the line move, but the lirie
is the same. In a reflection, every point on the reflecting line is mapped onto.
itself. That line is pointwise invariant (Ph III/A - Negotiation or clarification of
the meaning of terms).

Phase IV messages involve testing and modification of proposed synthesis or co-

construction. In the field of Geometry, like most mathematics, this phase Can"be'most

1 : ' If a lihe is invariant under a transformation, it is mapped onto itself. For example,
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clearly seen when one group member takes the proposed solution of a problem and tests
it against his or her own knowledge. The following message was rated a Phase IV/B,
although it could conceivably fall into almost any of the Phase IV sub'categories.
I just had time to go through youf analytic approach...I am sure you could see the
results faster than I did. I agree with all of your calculations except for the radius
of the circle. Icalculated and found the radius square was equal to (10/16) and
not the square of (5/8). I agree with everything else in your report (Phase IV/B -
testing against cognitive schema) :
Phase V messages require a synthesis or application of the new knowledge gained
as a result of working on the problem-solving tasks. The following illustrates an example
of one student applying his or her new knowledge to an example designed using a
graphics calculator. The message.had several attachments, which are omitted here.
...Star 1 représents t‘hé pre-image, Star 2 represents the'ir‘nage of Star 1 after the
translation (-3,-2), Star 3 represents the image after Star 2 has been rotated 90
degrees, and Star 4 represents the image after ‘Star 3 has been translated (3,2) (see
the attachments). In order to view the graphics, you need to have plotpt on the =
calculator, and then... (Ph V/B - Applications of new knowledge)
Before the actual use of the instrument in this. study, the. researcher tested the
instrument to see if it would "accurat‘ely measure meaningful communications and |
constructions of knowledge in a geometry class for teachers. The previous geometry -

course with an on-line component was offered in the summer of 1998. The structure of

the on-line comp_onent; in this class varied somewhat from the structure in the class under

study. Students in the summer course discussed homework problems and problems with

the technology within their groups, and :ambng the class as a whole, rather than being

assigned specific tasks to be completed throughthe use:of CMC on-line interactions.
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However, it was determined that there existed enough similarity that the test would yield
meaningful results.
To conduct this pilet study, it was decided that only those messages relating to the

mathematical content of the course would be scored; those relatmg strictly to technolo gy

R

would not, smce th1s study did not look at those messages. That left atotal of 215

-~

messages to be §eored. The breakdown of the scored messages is as follows:

L
“
LA

Phase I (Sharing/Comparing): 145 messages (67%)

Phase 11 (Discovery/Exploration of Dissonance): 46 messages (21%)

Aty
-
il \ "

Phase TII (NegotiatiQn/Co—construction): 17 messages (8%)
Phase IV (Testing of Co-construction): 4 messages (2%)
P,hase A% '(Agreement Statements/APplicaition)t 3 meésages Q%)

l ¥
There were. two poss1ble reasons for the majority of the messages being grouped
A [N

in the lower mental funetion phases of Phase I and Phase II. One was that the students

4

were not required to complete their assignments on-line: this bulletin board

communication was used to discuss difficulties that arose in the homework, which would -

- almost exclusively be categorized as Phase I messages‘. The second reason had to do with.

L

the structure of the nomework assignments themselves: most of the assignments were not |
designed for .collaborative work. It was believed that these two situations would not arise
in the groups under study in the 1999 spring semester course due to the nature of the
assignments and the directions concerning the use of the technology.

.'There were other findings, some unexpected, from this pilot study as well. One -

had to do with the nature of group membership. When the snmfner course began, the
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instructor placed the students into on-line communication g'roup‘s‘ of three. When it
éeemed to the instructor that these groups were not Working,'. ﬁe abaﬁdoned the small
groups in favor of larger ones. The instructor’s intuition pfoved correct: when the groups -
of three were disbanded, the phase level of the communications increased almost
ifnmediately. Also, with only three in the group, it seemed as if each‘ group had one
member constantly answering the questions of the other two.. It ‘WOl.ﬂd seem, therefore,
that group size must be larger than three in order to have meaningful oﬁ—line dialogue
between group members.

Another discovery, one less surprising, Was fhe CQMuniCatiéh phase levels of
the individual members. Some class members rarely if ever moved passed Phase I; they
were constantly asking questions, or ﬁahng interpérsonal “comments, but rarely offered
construc'tive suggestions in relation.to the on-line homework problems. Other class
members moved through the first three phase lévelé with regularity, although it was rare
for any member to move beyond Phase III in the on-line communications.

The rating of all the messages in the 1999 spring semester course was done by the

-researcher. However, for the purpose of establishing inter-rater reliability, another

individual rated asubstantial section of the communication. The researcher trained the

second individual in the proper use of the instrument. The researcher and second rater

- met on a weekly basis to compare their ratings of the on-line messages; any differences

were discussed and a score for those messages was agreed -lipon_. After three weeks, the
researcher and the second rater scored 121 messages to establish inter-rater reliability.

The Pearson's r was calculated at .8261, with a p-value less than .001. Therefore; the




W[ W - Ll - W L

79

messages scored by the researcher and the messages scored by the rater were correlated.

It was concluded that the researcher was using the instrument in the appropriate manner,

and réliability of measurement was established. In other words, the test of inter-rater

- reliability proved that the researcher was free from bias when rating the Iriessages;

Also, the researcher performed a test-retest on a sample of seventy-five messages.

The second rating took place approximately four months after the initial rating. The

_Pearson's 1 for this rating was calculated at .8119, with a p-value less than .001.

Therefore, the scores given the messages during the retest were correlated to the scores

given the messages during the initial rating. It was concluded that the researcher was

consistent in his use of the instrument, and stability of the instrument was established.

Computer Attitudes and Anxiety

Computer attitudes were measured during the second week of the study with the

Computer Attitude Scale (CAS) developed by Loyd and Gressard (1984a). The CAS is

an instrument that measures attitudes towards learning about and using computers. Tt is

perhaps the most extensively used and tested scale of its type in use (Woodrow, 1991).

. The developers claim that this scale is "a convenient, reliable, and valid measure of

computer attitudes, and that it can be confidently and effectively utilized in research and
program evaluation contexts." (Woodrow, 1991) The instriment provides scorés on four B

different scales: Cdmputer Anxiety, Computer Confidence, Computer Liking and

Computer Usefulness. Positively and negatively worded statements are included in each

of the four areas. Alpha reliability coefficients calculated by the creators of the

mstrument for each of the four subgroups range from .86-.88, .87-.91, .88-.91, and .82
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for eaph subscale, respectively with the total score having"an alpha rgliability of .95. An
independent researcher found similar reliability coefficients (WoodroW, 1991). Bach
subscale consists of ten items. Students respond to the statements by ‘selecting one of a
set of four responses ranging from strongiy agree to 'strongl.y disagree. }Sofne sample ¢
items frorﬁ the CAS are statements such as “Computers make me feel nervous and
uncomfortable” or “Computers do not ;scare me at aliv”. 'i‘-ﬁe correiations between the .
subscaies range from f69 to.84. Scores can range from a low of 10 to a high of 40 on
each of the subscales.- In general, the higher the score, the more positivle the attitude
about computers. Any composite score above 90-95 indicates a neutral to positive
attitude towards computers. In previous studies, it was found that gender played no'
significant role in computer attitudes (Loyd and Gressard, 1987), and thaf computer
attitudes were significantly affected by computer experience (Loyd and Gressard, 1984b).
A copy of the CAS can be found in Appendix A. Permission for its use can be found in -

Appendix G.

Prior Mathematical Achievement

Prior achievement in mathematics was measured using the student’s grade point
average in mathematics. For the purposes of this study, the student’s fgrade pdint average ﬂ
in mathematics was determined to be the cumulative average of all mathematics cdurs‘es
that student had completed that ‘applied“directly‘ towards eamiﬁg a degree in secondary
mathematics éducétion. No grades in remedial course‘ Work in mathématics \;\/ere

included in this average. Also, if a-student had repeated a course because of a prior low
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grade in that course, only the grade from the last time the course was taken was used to

calculate the student’s grade point average in mathematics. -

Attitudes Towards Course and Towards the Two Treatménts

Finally, attitudes towards the course, the use of the oh—line techtlt)logy for
communications, and use of téc’hnology in education were meastired after the course
- through the use of a survey. Students were to respt)nd to the statements in the survey by
selecting one of a set of five responses. - strongly agree, slightly agree, neutral, slightly
disagree, or strongly disagree. The survey was designed to allow students to reflect on
what they perceived as the advantages and disadvantages communicating us‘i-ng_ MSUlink
and the First Class Client software, and édvantages and dtsadvantages associated with
distance learning courses. The instrument was ‘desi*g.ned by the researcher, and deemed

valid by the professor teaching the course, an expert in the field of distance learning and '

" mathematics education. A copy of the instrument can be found in Appendix A.

Research Design

The study examined the amount of communication and the phase level (as

determined by the Interaction Analysis Model) of the communication that took place on-

line between students in problem-solving groups in a geometry course for feachers. As

described earlier, the students of the course were placed into four groups, with the on-

campus students heterogeneously matched on mathematics grade point average, with

gender as a secondary matching'characteristic., Three of the groups consisted of on- |

campus students; one group of entirely bff—c‘ampus students. The content covered by all
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four groups was identical in scope and sequence. Students in all groups received

instructional materials concerning the problem-solving tasks in the same manner - over

the Internet/World Wide Web, and/or MSUlink through the First Class Client software
program.

Student interactions for the group problem-solving activities, whether using the

asynchronous communication environment or synchronous communication environment,

were conducted through the Internet using MSUlink. MSUlink allowed the students to

communicate interactively with each other in their group, with other groups (although

this was a rare occurrence), and with the instructor. It also automatically records all

bulletin board messages, and can also record the length of time each student is logged on
to the system. .1t did not automatically record chat sessions, but students easily recorded
them on the system by saving them as a message. MSUlink also al‘loWed“students to

attach to their messages files from several different formats. This .allowed students to

show examples. of their work using other software programs, such as the Geometers

Sketchpad, Microsoft Word and Equation Editor, Non-Euclid, etc. This feature proved to

be very valuable, assisting the students in their explanations of their work on the

problem-solving tasks. At the beginning of the semester, all students were trained in the

" use of MSUlink.

All students were assessed in the same manner. For the collaborative group

activities, a common grade was given to all students in the group, unless it was judged by

the instructor that a group member did not parti¢ipate in the activity. Also, all students
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were given the exact same tests and scored with the same scoring rubric regardless of
location (on or off campus).

There were several possible contaminating variables that had to be controlled.
One was the problem of students who did not complete the course durin'g the semester of
study, or who consistently refused or could not participate- in the group work activities.
People who did not feel comfortable with technology may not wish to participate once
they have been in the course for a brief time. Studies have shown that once students .
become familiar with the technology, they tend to become more willing to become active -
participants of the study (McHenry and Bozik, 1995; Yakimovicz, and Murphy, 1995).
Based on this, any student who wanted to drop early in the semester because -of ‘
technology problems would have been first specially tutored on the use of the technology,
and would have been encouraged to stay in the class. If they still wished to disconti-nue
‘working, and group activities have begun (after the first two class weeks), that student’s.
individual scores and ratings were eliminated from the study.. Also, since it was a major :
requirement of the course that students participate in the group work activities, and since
these activities were a rnaj or part of the course grade, it was hoped that theSe factors

would assist those students who did stay in the course for its entirety to take an active

role in the group work activities. I—loWever, participation in the group activities did not
guarantee verbal participation in the on-line discussion of those group activities, despite_
the enc0uragement of the instructor. Two students dropped the cours’e during the
semester. One student dropped the course during the fi‘ist week, so he had no data :

recorded for the purpose of this study. There was only one student who dropped the class
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during the course of the semester. That student's communication and academic data was
eliminated from the sample; her group eontributlons and individual activities were not
included.

Aaother possible problem that was a concern was if the computer system Woulcl‘
have shut down and been off-line for a considerable amount of tifrle. If this had occurred ' I
and the groups could not have met on-line to complete a problem, then that activity along
with any possible work completed on it up to that time would have been eliminated‘from
the study. Fortunately, this did not happen. However there were oceasional minor- S
glitches in the system, which should be expected whenever working with technology.
When the system was off-line for 'onlyl a short amount of tilne, steps were taken to extend
the deadline to allow students to complete their work. | ‘ T |

Selection could have been a problem with the validity. There did exist the

possibility that the gfoups, after being assigned, were different in ability levels at the
beginning of the study. However, the study groups were assigned using matched samples
on this variable; this hopefully alleviated the problem. Also, after the groups had been
assigned but before the study on the group activities beg’un,‘. an instrument (the Computer -
Attitude Scale) was given to the groups to determine if their comfort level and familiarity
with the technology beillg‘used was appropriate. If a huge discrepancy existed between

groups, they would have been restructured app'ropriately..‘ The instructor, ‘thr‘ou‘gh his

work with the students during the first two weeks, gathered formative data to determine if

each student had the ability to complete the matérials irl the geometry course, and if all™ =~
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the groups were approximately equal in ability. If there existed a discrepanc_y between

groups in this area, the instructor would have restructured the groups appropriately.

Since the phase level of the communications were established though the use of

human observation, the improper use of the instrument could be a threat to,internal

validity. To control this, more than one rater was used for part of the study, and the

researcher re-rated a considerable section of dialogue several weeks after first rating it to
establish inter-rater reliability and stability in use of the instrument.
A final possible threat to validity was the Hawthorne Effec_t, which is the

tendency of subjects under study to act atypically because of their awareness of being -

studied, or because of novelty of the treatment. This could occur since the instructional
medium was different than anything that most of the subjects hed ever experienced. It
was hoped that because of the age of the students (being more mature in general) and the
length of the study (over thelength of the course, and not for the first two weeks of the - |
course), the effect would be minimized. However, like all of the above, it was

acknowledged as a limitation of the study.

Statistical Hypotheses

Ferguson (1981) states that it is a common convention to adopt significance levels

of .05 or .01, and that it is also ordinary that an investigator may adopt, perhaps

arbitrarily, a particular level of significance. For the purposes of this Study, all

hypotheses were tested at the .05 level. In most situations, a p-value was also reported"""' 4

with the test. The numbering of the hypotheses below reflect the numbering of the
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general questions asked in Chapter 1. For example, all questions and hypotheses dealing

with general question number 1 begin with a 1 followed by a dot, such as hypothesis 1.1.

Questions addressed in this study were stated in the form of null hypotheses. The -

reader is reminded that communication refers to any bulletin board (asynchronous) or
chat room (Synchronous)‘ interaction that took place between group members while they
.were involved in the completion of the weekly problem-solving tasks. Phase level refers

to the scores that could be given to each message or chat based upon the Interaction

Analysis Model. Group refers to the four problem-solving groups in the course. Average

communication score was calculated by dividing the total amoﬁnt of the scored messages
for each group or individual by the number of scored messages sent by that :éroup or
_ individual on any task. High level messages refers to the number of messages that were
sent by an individual or group that were sc;ored at phéSe'levels three, four, or five. .
Percentage of high level messages was calculated by dividing the number of high level
meséages sent."b\y a group or individual by the total number of messages sent by that
group or individual on any task. Highesf message level attained refers to the highest
phase level attained by any mc_erﬁber of a group duﬁng their work on a problémfsolving
task. |
1.1) The commlunication phase levels were independent of whether th¢ students were
on éampus or off campus. | |

1.2)  The communication phase levels were independent bf group membership.

2.1)  There was no significant relationship between an individual's final test score and - -

an individual's average communication score.

D
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2.4)

2.5).

2.6)

2.7)
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3.1)
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There was no Significant relationship between an individual's average test score
and an individual's average communication score.
There was no significant relationship between an individual's final .t,est score and

the number of high level messages for each individual.

- There was no significant relationship between an individual's test average and the

number of high level messages for each individual.

There was ﬁo signific;ant_relationship between an individual's final test score and
the percentagé of high level messages. for each individual.

There was no significant relationship between an indivi&ual's test average and the
percentage of high level messages for each individual.

There was no significant relationship between an individual's final test score and
the total humber of scored messages for that i-ﬁdividual. |

There was no significant relationship between an indiy’idual's test average and the
total number of scored messages for that individual.

There was no significant relationship befween the scores on the vgroup tasks and
the average communication score each group earned on that task.

There was no significant relationship between the sco'rés on the group tasks aﬁd
the number of .écored messages each group had on each task.

There was no significant relationship between the scoreé on the group tasks and - _

the number of high level messages recorded for each group on each tésk.

3

There was no significant rélationship between the scores on the group tasks and

the highest message level attained by each group for that task.
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3.6)

3.7)

3.8)

4.1)

4.2)

4.3)
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4.5)
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88
There Wés no significant relationship BetWeen the rank of each group task and the
average communication score for each group earned on that task.
There was no significant relationship between the rank of each group task and the
number of scored messages for each group on each task.
There.was no significant relaﬁonship between the rank of each group task and the
number of high level messages by each group for each task. | |

There was no significant relationship between the rank of each group task and the

- highest level message attained by each group for that task.

‘The average communication score within the problem-solving groups. did not

change over time.

" The number of messages sent by each group did not change over time.

The total number of high level messages sent by each group did not change-:ov‘er
time.

The percént of high level messages for each group did not change over ‘ti-mc‘a.‘

The highest level scored on each tasii for each group did not change over time.
Individual students did not change average communication levels (phaseé) over
time. |

There was no significant difference in the total number of messages between male
and female Studénts.

There was no significant difference in the average communication score between

male and female students.
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6.3)
6.4)
6.5)
7.1)
- 17.2)

8.1)

8.2)

8.3)
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There was no significant difference in the total nuﬁber of higil level messages
sent by male and female students.
There was not a significant difference in the percentage. bf high level messages -
sent by male and female students.
There was not a significaht. differénce in the number of messages sent at each
phase level between male and female students.
There was no significant difference in the mean test score between male and

female students.

There was no significant difference on the final test score between male and

female students.

There was no statistically significant relationship between the average
communication é‘core of the student and his or her comfort level and attitude
about computers.

There was no statistically significant relationship betWeen :the number of séored
messages for each student and his or her comfort level and attitude about
computers.

There was no statistically significant relationship between the totai 'number of
high level messages for each student and his or her comfort level and attitude -
about computers.

There was no statistically significant relationship between individual achievement

on the final test for each student and his or her c;bmfort and attitude about

computers.
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9.2)  There was no statistically significant relationship. between individual achievement

on the test average for each student and his or her comfort and attitude about

computers.

Analysis of Data

The hypothéses for this study were analyzed using three different software
packages. Microsoft Excel was used for the hypotheses that were tested using AN OVA,
the Chi—squére test of association, or descriptive analysis.. The hypotheses that involved a
Pearson's test were analyzed using Minitab and/or Microsoft Exéel. The hypotheses that
involved trend analysis were tested using the Statistical Package for Social Sciences
(SPSS). Al‘l‘.line graphs were created using Microsoft Excel.

The independenti variables in this study are 1) communication phasg; 1evel, 2)
gender, and 3) comfort levél' with the technology.

Hypotheses 1.1 and 1.2 were tested using a Ch\i—square ‘test. for association. For
hypothesis 1.1, the variable tested was thé total number of messages at each phase lével
for on campué stﬁdents and off campus students. For hyjpothesis 1.2, the variable tested
was the total number of messages at each phase level for each of the four problem-
solving groups. |

Hypojchesés 2.1 through 2.8 were tested using Pearson's .pfoduct mOment
correlation. The dependent variable for these hypotheses was an individual achievement
variable (either 'average test score or final test Lscore). ‘Thé independent vériéﬁle for éach

of these hypotheses was an individual communication fihase level variable (either
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- average commurﬁcation score, total number of hig‘h level messages sent, percentage of
high level messages sent, or totél messages sent). |

Hypotheses 3.1 through 3.8 were tested using Pearson's product moment -
correlation. The dependent variable for these hypotheses was a groﬁp achieverhent
variable (either the scores of each group task or the ranking of cach group task).' The
independent variable for these hypotheses was a group comlnunication phase level
variable (either avefage communication score, total messages sént, tQta-I high level
messages sent, or highest phase level attained).

Hypothesis 4.1 Waé tested using frend analysis, ‘arid anaiyzed through descriptive
statistics. The factor for this hypothesis is the average cormnunication score for each
group, and the continuum undérlying 'fhe factors was the tirﬁe Variablel,‘ in the form of
task-by-task statistics. Hypotheses 4.2 through 4.5 were analyzed through descriptive
statistics; | o |

Hypothesis 5 was analyzed through descriptive statistics. The factor for this .
hypothesis is the average communication score of each individual, and the continuum
underlying the factors was the time Vaﬂéble, in fhe form of task—‘by—task:‘statistics. ’

Hypotheses 6.1 thrb_u gh 6.4 were tested using ANOVA. The independent variable -
for these hypotheses was the gender of the student (male or femélé). The dependent
variable for these hypotheses was a communication variabie, either the total number of
messages, the average communicatidn score, the total numb_er‘ of high level messagcs, or

* the percentage of high level messages. Hypothesis 6.5 was tested using a Chi—sciuare test
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for independence. The variéble being tested‘was the number of messages sent by males
and females at each phase level. |
Hypotheses 7.1 and 7.2 were tested uéing ANOVA. The independent variable for .
these hypoth.eses was t'he gender of the student (male or female). The depeﬂd‘cnt .variabl‘e
for these hypotheses was an individual achievement variable; either the mean of the test

scores, or the final test score.

Hypotheses 8.1 through 8.3 were tested using’Pearson;'s producf_momént
correlation. The independent variable for these hypotheses was the individual student's
comfort and attitude towards computers, as‘ measured by the Computer Attitude Scale
developed by Loyd and Gressard (1984a). The dependent variable was an individual ! ]
communication phase level variable, either the average communication score, total :
number of messages sent, or the total number of high 'ievel messages ‘sént.

Hypotheses 9.1 and 9.2 were tested using Péarson's product moment correlatidn.
The independént variable for these hypotheses was the individual student's comfoﬁ and

attitude towards computers, as measured by the Computer Attitude Scale developed by

Loyd and Gressard (1984a). The dependent variables for these hypotheses was an

individual achievement variable, either the mean of the test score'S‘, or the final test score. -

Limitations and Delimitations

The limitations of the study were as follows:

1) The population of the study consists solely of students who were enrolled in Modern

Geometry or Geometry for Teachers.
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2) The population of the study was drawn from studénts who enrolled in ciasées’ é_t
Montana State University in the spring of 1999.

3) The period of study was for only one semester.

4) The.size of the population of this study was relatively small. ..

5) Communication betv?)een members outside the allowed chanﬁels (i-.e., communication
other than through the use of the bulletin board or the chat room) was not compleée‘l'y ‘
controlled;. but methods of controlling it were used, as outlined eérlier.‘ | o

6) Since the sample under study was the entire population of the class, selection could
have been a delimitation. The attémpt to control was outlined earlier. |

7) Messages were given one score only, based upon the ‘highest phase level attained in
each message. |

8) Messages were scored only for the persoﬁ who sent the message, disregarding how
many other people could have coﬁtributed to the contents of the message.

The delimitations of the study are as.foll'ows:

1) Any student whose personal history resulted in him or her not paﬂicipaﬁng in the
group activities for an extended period of time was excluded from the sample,

2) Students weré placed into working groups by matching the students based on their ‘
cumulative grade point average in all college mathematics courses, with genderasa - -

secondary matching characteristic.
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CHAPTER 3

DATA ANALYSIS AND FINDINGS
Introduction

‘The data reported in this chapter are grr’anged into the following categories:
communication - oﬁ campus vs. off campus, individual achievement aﬁd on-line
communicﬁtion, group achiévement and on-line communication, changes in on-line
communication patterns in groups over time, changes in bn-line communication patterns
in individuals over tifne, gender differences in on-line communicati'on, ‘gen'der differences
in individual achievement, and incomplete data sets. To help control for ﬁossible
extraneous variables, the groups were formed by placing the student‘sv iﬁ a grpﬁﬁ. ﬁsing
heterogeneous matching on mathematical ability?.so that the distribution of ‘abiliity or.
tédgnt with respect to the subject matter wouid be the same from group to group. It
should be noted that since the number of students in this s'tudy’vvas low relative to the B

number of hypotheses tested, Type 1 errors could have occurred in the testing of these

hypotheses. Other statistics found during the course of this study not reported as

hypotheses in this chapter can be found in Appendix F.

‘Communication - On Campus vs. Off Campus

Hypothesis 1.1: The communication phase levels were independent of whether

‘the students were on campus or off campus.
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Table 1 shows the number of méssages scored at each phase level for th¢ on-
campus groups (combined) and the off-campus group. Table.2 shows the expected
values for each phase level based upon location of each student (on campus or off
campus). The expected values are the Hypothesized or expected number. Qf messages for
each cell if the null hypothesis of statistical independence (between phase level and .the.
location of the grouﬁ, either on-campus or off—campus) were true. It should be noted that

the data in Table 2 is rounded to the nearest whole number.

Table 1. Total messages scored at each phase level.

‘ Phase one Phase two Phase thfee ‘ Phase four Phaserfi-ve |
On Campus | 107 41 . 101 ‘ 18 32
Off Campus | 175 48 102 | 29 28

Table 2. Expected values for messages scored at each phase level.

Phase one | Phase tW‘o | Phase three | Phase four Phase five
 OnCampus | 124 39 . 89 1 21 | 26
Off Campus 158 50 |14 ' 26 34

Test: The chi-square test of independence resulted in a value of 9.823‘7‘, which
rejects the null hypothesis at the .05 level with 4 degrees of freedom. The p-value
obtained was .0435. By examining the tables, note thé.t for phase one méssages, the
expected value was 17 messages higher for the on campus students, and 17 messages
lower fo1.r the off campus students. For phase twé méssages, the expected values are very
close to the actual values; there was only a difference of two, with on cafnpu$ students
having less than expected, off campus students, ;nore thgn expected. For phase three

messages, the difference between éxpected number of messages and actual number. of
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- messages was 12. Like the phase one messageé, it was expected that the off camplis
- students would have less messages at this phase level, and the on campus students more,
than they actually had sent. With phase level four messages the difference was minimal -
between actual numbers of messages and the expected values. In this case, the difference
was three, With the on campus students having three less than expected, ‘the off campus
students having three more than expected. For phase level five, the situation reversed
itself. It was expected that the on campus .students would have 26'messages at this Ievel,‘
when they actually had 32. It was expécted that the off campus studénts Would héve 34
messages at this level, when the actually had 28. So i_he difference between expected and
actual number of mcésages was only six, But it was expected that vthe off campus students
would have more messages at this level (as with every level) than the ‘(_)n—campus
students, when in fact this was not the case.

Result: The number of mes’sages.‘ sent at certain phase levels was dependent upon
whether the students were on cz’impus students or off campus students.

Hypothesis 1.2: The communication phase levels were independent of group
membership.
| Table 3 shows the number of messages scored at each phase level for each of the -
four problem-solving groups (referred to as the Red Group, the Blue Group, the Green
‘Group, and the Yellow Group). Table 4 .s‘hows the‘éxpected values for each phase l'ével
based upon group membership. The exi)ected values are the hypothesized or expected

number of messages for each cell if the null hypothesi_s‘?of statistical indepcnderice
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rounded to the nearest whole number.

Table 3. Number of messages scored at each phase level for each group.

Phase one| Phase two | Phase three Phase four | Phase five -
Red 18 9 9 3 1
Blue 57 26 73 13 16
Green 33 -6 18 1 16
Yellow 176 47 102 29 - 28

| Table 4. Expected values of number of messages scored for each group.

' Phase one | Phase two | Phase three | Phase four | Phase five
Red 17 5 12 3 4
Blue 77 24 55 12 17
Green 31 10 22 5 7
Yellow 159 49 113 26 34

Test: The chi-square test of independence resulted in a valué of 40.155, which
rejects the nﬁli hyp;)thésis at thé .05 level with 4 dégrees of fréedénvl. The p—\/-aiue
obtained was less than .001. When ‘examin’ing the tables, differences can b'e found for the
groups between the 'expecfed values and the actual values at some 6f the phase levels.
Large discrepancies occur within the Blu‘e‘ and Yellow groups for phase 1 messages; the
Blue group had less than was expected, the Yellow g-foup had more:than was expected.

For phase 2 messages, the differences between the actual values and expected values are

‘not great, aithough both the Red group and Green group have what could be ‘cbnsidered a

large discrepancy, when comparing the total number of messages sent at this level. For

phase 3 messages, the largest difference occurs within the Blue group,‘ which has 18 more |

messages at this level than predicted. For phase four messages, most expected values

R R ™1 S}
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-are qlosc to the actuél number of messages; the exceptiOn.to this would be the Green
group, which showed a significant difference between expected number of messages
(five) and actual number of messages (one) at this phase level. Finally, for phase five
messages, the Green group shows a substantial difference between thé actual number of
messagés (sixteen) and the predicted number (seven)'.
Result: The number c;f 'messages sent at certain phase levels was dependent upon

group membership.

Individual Achievement and On-line Communication

The hypothéses in this section (hypotheses 2.1 through 2.8) were testeci for all
students on an individual level, disregarding their problem-solving group affiliation.
Group data were not looked at‘in this section, only individual student dafa. Group data -

“were analyzed in hypotheses 3.1 through 3.8.

Hypothesis 2.1: There was no significant relationship between an ind'i\-f-idual's
final test score and an individual's average communication score.

Tesf: The Pearéon's corr’eiation returned a value of -.3161, With a p-value of .201.,.

- Therefore, hypothesis 2.1 is not.rejected at alpha = .03.

Resﬁlt: There was no significant relatibnship between an individual's finai test‘

score and an i'ndividual.fs average communication score.
| Hypdthesis 2.2: There wés no significant relationship between an individuai's

average test score and an individual's average communication score.
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Test: The Pearson's correlation returned a value of —.5428 with a p—va‘lue‘of 02.

Therefore, hypothesis 2:2 is rejected at alpha = .05.

Result: There was a significant relationship betwéen an individual's average test’
score and an individual‘s average communication score. That relationship was an inverse
relationship; the lower an individual's communiéation score, the ﬁighér £he avefage test
score. |

Hypothesis 2.3: There was no significant ‘r‘elationship between-an individual‘s
final test score and the number of high level messages for each individual. |

Test: The Pearson's correlation returned a value of —;‘23 16, with a p—vaiue of .355‘.

Therefore, hypothesis 2.3 is not rejected at alpha = .05.

Résult: There was no significant relationship between an individual's final test

scdr«;‘ and the number of high level mcsséges ‘for. each individual.
) Hypothesis 2.4: There was no significant relationship between an individﬁal‘s test

average and the number of high level messages for each individual. |

Tést:'The Pearson's correlatibn returned a value of -.0575, with ‘a.p—value of .821.
Therefore, hypothesis 2.4 is not rejected at alpha = .0S.

Result: There.“}as no significaht relationship between an individual's test afferage
and the number of high level messages for each individua_l.

Hypothesis 2.5: There was no significant relationship between an individual's

final test score and the percentage of high level fnessag‘es for ‘each individual.

Test: The Pearson's correlation returned a valueof -.3141, with a p-value of .204.

Therefore, hypothesis 2.5 is not rejected at alpha - 05.
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Result: There was no significant relatidnship Eetween an individual's final £est
score and the percentage of high level messages for each individual. |
Hypothesis 2.6: There was no significant relationship between an individual's test
average and the percentage of high level messages for each individual.. .
Test: The Pearson's correlation returned a value of -.5421, with a p-value of .020.

Therefore hypothesis 2.6 is rejected at alpha = .05.

Result: There was a significant relationship between an individual's test
average and the percentage of high level messages for each individual. That relationship
waé an inverse relationship.; the lower the percentage of high level messages fhe _
individual sent, the higher the average test score.

- Hypothesis 2.7: There was no significant relationship between an individual's
final test score and the total number of scored messages for that indiﬁdual.
Test: The Pearson's correlation returned a Val_ue éf -.1915, with a p-value -of A447.
Therefore hypothesis 2.7‘ is not rejected at alpha = .05. |

Result: There was no significant relationship between an individual's final test

§cofe and the total number of scored messages fdr that individuai.
Hypothesis 2.8: There was-no 'significént relationship between an ',individuél's test .
average and the total number of scored r.nessages for that indiviciual.
~ Test: The Pearson's correlation returned a value of :0415, with a p-value of .870.

Therefore hypothesis 2.8 is not rejected at alpha = .05. |

Result: There was no significant relatioriship between an individual's test average

and the total number of scored messages for that individual.
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Group Achievement and On-line Communication

Hypothesis 3.1: There was no significant relationship bet\x-/een the scbres onthe
group tasks and the average communication score each group earned on that task.

Test: The Pearson's correlation returned a value of -.1545, withtvé i)-value of 317
Therefore hypothesis 3.1 is not rejected at alpha =.05. |

Result: There was no significant relationship between the scores on the group
iasks aind the average communication score each group earned on that task.

Hypothesis 3.2: There was no significant relatisnship between the scoies'oil the
group tasks and the number of scored messages each group had on each task.

Test: The Pearson's correlation returned a value of ..0912, with a p—value of .556.
Therefore 'hypothesis 3.2 is not rejected at alpha = 05

.Result: There was no significant relationship between the scores on the group
tasks and the number of scored messages each group had oneach task.

Hypothesis 3.3: There was no significant relationship between the scores on the
groilp tasks and the riumber of high level messages recorded for each gfoup on ea&_:h task.

Test: The Pearlson's correlation returned a value of —,OZO, With a p-value of .8'99..
Therefore hypothesis 3.3 is not rejected at alpha =..05

Result: There-'was 1io significaint relationship between ihe scofes on the group
tasks and the num’tier‘ of high level messages recoicied foi each groiip on each task.

Hypothesis 3.4: There was 10 significant ‘relationship'between tiié scores on the

group tasks and the highest message level attained by each group for that task.
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Test: The Pearson's correlation returned a value of —.0287, with a p-value of .854.

. Therefore hypothesis 3.4 is not rejected at alpha = .05.

Result: There was no significant relaﬁonShip between.the scores on the group
tasks and the highest message level attained by ééch group for that task.
Hypothesis 3.5: There Wasno':s'ignificant relationship between the rank of each
group task and the average commﬁnication score for each group earned on that task.
Test: Pearson;s correlation returned a value of .1882, with ép—.valu,e of 221.
Therefore, hypothesis 3.5 is not rejected at alpha = .05.
'Result: There was no signifiéant relationship between the rank of each group task
and the average communicatioﬁ score for each group earned on that task.
'Hypothesis 3.6: There was no significant relationship between the rank of each
group task and the number of scored messages for each group on -each task.
Test: The Pearson's correlation returned a Value of .5092, With a p-value of less
than .001. Therefore, hypothesis 3.6 is rejected at alpha = .05. |
Result: There was a signiﬁcaﬁt gelationship betweén the rank of each group task
and the number of scored messages for each group on each task. This relationship was a
positive relatiohship; in genera-l,‘ the -higher the number of scored me’ssages‘ for each group
on the task, the higher the ranking 6f that task.
Hyppthesis 3.7: There was no significant relationship between the rank of each

group task and the nﬁmber of high level messages by each group for each task.

Test: The Pearson's correlation returned a value'of 535 , with a p-value of less - s

than .001. Therefore hypothesis 3.7 is rejected at alpha = .05. |
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Result: There was a significant relationship between the rank of each group taék
and the number of high lével messages by each group for each task. That relationship
was a positive relationship; in general, the greater the nu‘mi)er of high level messages sent
by each group for each task, the higher the rank of that task. |

Hypothesis 3.8: There was no significant relationship betweeﬁ fhe rank of each
group task and the h_ighgst level message attained by each group for that task.

Test: The Pearson's correlation returned a value of .?;601, with a p-value of .016.
Therefore hypothesis 3.8 is rejected at alpha = .05.

Result: There was a éignificant :relation‘ship betweén the rank of éach group task
and the highest level message attained by each group for that task. Tn general, the higher
the score on the highest level meésage attained by each group for a taék, tﬁe higher the

rank of that task.

Changes in On-line Communication Patterns among Grouﬁs Over Time

Hypothesis 4.1: The average communica_tion score within.the problem-solving
groﬁps did not change over time.

Table 5 on the next page shows the average communication score on each task for
the four groups. The four groups were ﬁamed the Red Group, the Blue Group, tﬂe Green
Group, and the Yellow Group. The Yellow Group was the grohp whose members _
consisted solely of off campus studenté. Figuré 1 shows a line gréphof the information

found in Table 5 ',
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able 5. Average communication score by task.
Red Group Blue Group  Green Group Yellow Group

Task | 2.38 2.69 175 2.79
Task 2 2.67 2.46 3.00 2.48
Task3 3.00 2.76 2.71 1.87
Task 4 2.00 2.14 3.14 2.83
Task 5 2.38 2.19 2.73 2.26
Task 6 1.00 173 2.50 1.68
Task 7 1.00 2.70 2.00 1.67
Task 8 1.00 2.88 1.40 2.20
Task 9 1.00 3.50 3.50 2.06
Task 10 1.00 2.07 3.67 2.00
Task 11 1.00 2.43 2.00 1.89

Figure 1. Average communication score by task.

Average Communication Score by Task

< 150

Task Number

Red Group m*- Blue Group —* *Green Group Yellow Group

Test: The analysis of the average communication scores indicated the following.

The Red Group's average communication score decreased as time went on. Trend
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analysis of the data showed that there ‘exist‘s a .sigriifican@ lineér trend anmong the means (F
=18.491, p < .001). This, along with the trend equaﬁon (y =-2083x + 2.924)‘is enough
to conclude that the Red Group did change phase levels through the semester, and that
change was a decrease in average communication score. The Blue Group's average
communication séore increased only slightly overall, not eénough to indicate a significant
change from task 1 to task 11. The Green Group's average communication score also
increased over time, but the increase was very slight and not significant. Trend analysis
for both the Green group and the Biué Group did not fiﬁd any significant trends. The
Yellow Group's average communication score decreased over time. i‘rend analysis .
showed that there exists a significant linear trend (F = 10.064, p =..002) in the data. The

decrease in average communication score should be considered significant, given the

trend equation of y =-.07x + 2.5772. -
Result: The Red Group decreased in average communication score (phase levels)
through task 1 through 11. The Yellow Group also significantly decreased in average

communication score, although the decrease was not nearly as sharp as the Red Group.

The Blue Group and the Green Group both increased their average communication score -

throughout the semester. However this increase was not significant; therefore, it is

judged that both gfoups did not change phase level throughout the course ‘

Hypothesis 4.2: The number of messages sent by each group did not change over -

time. .
On the next page, Table 6 shows the number of ‘inessages sent by each group for =

each task. Figure 2 displays this information in a line graph.
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able 6. Number of messages per task sent by each group.
Red Group Blue Group Green Group  Yellow Group

Task | 8 26 4 19
Task 2 3 26 2 56
Task 3 6 21 7 39
Task 4 I 14 7 48
Task 5 8 27 15 39
Task 6 4 n 4 34
Task 7 I 20 1 36
Task 8 I 8 10 25
Task 9 I 10 6 48
Task 10 3 15 3 10
Task 11 4 7 5 28

Figure 2. Number of messages per task sent by each group.

Total Messages by Task

1 2 3 4 5 6 7 8 9 10

Task Number
-~*-"Red Group - » BlueGroup —» -GreenGroup Yellow Group
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Anéiysisf With the exception of the Green Group, all groups display a decréasing'
trend in the total number of messages sent per task. The Green Group shows a slight
increasiﬁg trend, péaking during the middle of the semester. The total number of
- messages sent by the Red Group for each task decreased over time, dropping dramatically
after mld semester.’ Th_e‘Blue Group"s total messages decreased ovef time as well,
although the decrease was not as precipitous as the Red Group's when compared to the
toteﬂ number of messages sent for each task. The Yellow Group's. total numbe_r of
messages also d;;creased over time. However, the dgcrease is not as steep as the Blue or
Red Group's déCrease, when compared to the tétai number -of mességes sent by the group.
It ié also ihteresting to note that, with very few exceptions,, the Ye’l‘low’ Grogp sent the
most messages for each task, followed by the Blue Group, then the Green Group, with the-
Red Group sending the least amount of messages. This pattern is broken dnly twice after
the second task, makinyg it -seem that-each gfoup developed their own style of |
communicating when working on ‘tlyle problem-solving tasks.

_Result: The Green Group's total number of messages‘ stayed fairly constant
throughout the semester. It is judged that the number of messages sent by the G;een
Group did not changé from task 1 té task 11. The other three groups did significantly
decrease in the afnount of messages sent during the Semestler._

Hypothesis 4.3? The total number of high level messages sent by each group did
not change over time.’ |
Table 7 on the nex.t page shoWs the number of high level messages sent by each

group for each task. Figure 3 displajs’this information in-aline graph.-
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Table 7. Total number of high level messages per task for each group.

Red Group Blue Group Green Group Yellow Group

Task | 3 17 I 10
Task 2 I 17 I 26
Task 3 6 12 4 12
Task 4 0 5 5 31
Task 5 3 14 9 17
Task 6 0 3 2 n
Task 7 0 12 5 10
Task 8 0 6 0 12
Task 9 0 8 3 15
Task 10 0 5 3 4
Task 11 0 3 I n
Figure 3. Total number of high level messages per task for each group.
Number of High Level Messages per Task
1 2 3 4 5 6 7 8 9 10 ik
Task Number
Red Group - » Blue Group —+¢ -Green Group Yellow Group

Analysis: The Red Group had a decrease in total high level messages during the

course of the semester, but it is apparent that the group did not communicate on-line at
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high levels very often throughout the study. The other groups indicate trends similar to . I
what was found in the total number of messages data. The Green Group's number of high

level messages seemed to be increasing until roughly mid-semester; then the trend

reverses itself, and they finish roughly at the same point as where they started. The Blue
Group and Yellow Group decrease in total number of high level messages throughout the -
semester. Also, the pattern that was noticeable for the total number of messages - that of

the Yellow group having the highest amount of messages, followed by the Blue Group, -

the Green Group, and thé Red Group, resbeétiveiy - seems to ‘hold here as well.

Result: The Green Group increased the number of high level messages during‘ the
first part of the semesfér, with the totals declining slightly after that. Overall, this group .
showed no significant change in total number of high level messages from the beginning
to the end of the semester. The other three groups demonstrate a significaﬁt decfeasiﬁg |
trend in the number of high level messages sent throughout the semester.

Hypothesis 4.4: The percent of high le'vei messages for each group-did not change
over time.

On the next page, Table 8 shows the percentage of high level messages by each

group for each task. . Figure 4 displays this information in a line graph. '
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Table 8. Percentage of high level messages per task for each group.

Red Group Blue Group Green Group Yellow Group

Task | 37.50 65.38 25.00 52.63
Task 2 33.33 65.38 50.00 46.43
Task 3 100.00 57.14 57.14 30.77
Task 4 0.00 35.71 71.43 64.58
Task 5 37.50 51.85 60.00 43.59
Task 6 0.00 27.27 50.00 32.35
Task 7 0.00 60.00 45.45 27.78
Task 8 0.00 75.00 0.00 48.00
Task 9 0.00 80.00 50.00 31.25
Task 10 0.00 33.33 100.00 40.00
Task 11 0.00 42.86 20.00 39.29

Figure 4. Percentage of high level messages per task for each group.

Percentage of High Level Messages Per Task

120.00

100.00
80.00
60.00
40.00

20.00

Task Number
..Red Group " *' Blue Group *Green Group Yellow Group

Analysis: The Red Group showed a large decrease in percentage of high level

messages. In addition, the percentage fluctuates wildly from week to week during the
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first part of the semester. However, given that the number of high level messages sent by
the Red Group Was so small, this finding must be judged accordingly. The Blue Group's
percentage of high level niessages declined slightly thfougho_ut the semester until roughly
mid semester. The percentage then started to increase, With a decline again in the last
- two weeks. The Green Group’s percentage of high level messages increased duriﬁg the
first part of the semester, theﬁ began to decrease. Overall., the percén‘f was basically
stable and predictable to a‘c.ertéin degree. However, after abdut mid-semester, their
percentage began té fluctuate wildly. This could be partially due to the fact that the -
group began to show a decrease in the overall number of messages sent. The Yellow
Group's data indicates a relatively stable percentage of high level messages throughout ‘
the semester, perhaps declining slightly.

Results: Given the émall number of high level messages sent by the 'Red ‘Group, 1t
is difficult to conclude that the change in peréenta_ge of high level messages Was
significant. It is difficult to judge th¢ changes in the Blue Group and Green Group as
significant as well. Even though the percentages of high levgl -rﬁessages increased
dramatically for both at the end of the semester, the decline in the number of messages
sent may accoﬁnt for this change. The Yellow Group demonstréted an overall decrease
in percentage .of high level messages from task"l to task 11, although the percentage of
high level messages among this group stayed relatively stable, and thus is conside_red nof
to éhow a sigrﬁficant changé. |

Hypofhesis 4.5: ‘Thé highest level scored on each4 task for each gfoup did not

change over time.
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Table 9 shows the highest level scored on each task for each group. Figure 5

displays the information in a line graph.

‘able 9. Highest message level attained on each task by each group.
Red Group  Blue Group  Green Group  Yellow Group

Task | 5 5 3 5
Task 2 4 4 5 5
Task 3 3 5 5 5
Task 4 2 5 5 5
Task 5 4 4 5 5
Task 6 | 3 5 5
Task 7 | 5 5 5
Task 8 | 5 5 4
Task 9 | 5 5 5
Task 10 | 4 5 5
Task 11 I 5 5 4

Figure 5. Highest message level attained on each task by each group.

Highest Message Level Attained on Each Task

D3

Task Number
.* ™Red Group - *~ BlueGroup —» ‘Green Group Yellow Group
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Analysis: The ‘Réd G_rdup decreased 1n highest meésage level for each task from
task 1 to task 11. The other three groups remained relatively stable in having the highest
possible phase level a’_ctélined for each task, with an occasional fluctuation into a Iowér
phase level.
Result: The Red Group's overall highest message level for each .task decreased

significantly over time, changing roughly at mid-semester. The other three groups did

‘not significantly change highest message level attained for each over time.

Changes in On-line Communication Patterns among Individuals Over Time

Hypothesis 5: Individuaﬁ students did not change averége cdmmunicati‘on lévels |
(phases) over time.

The average communication level fo'r‘each. task for the individual meﬁbers of the
Red Group is illustrated in Table 10. Figure 6 displays the information in a line ‘g;aph on

the next page.

Table 10: Ind1v1dual Red Group member's average communication score for each task.

Redl | Red2 Red 3 " Red 4

| Task1 400 .| 233 200 | 200
Task 2 | 2,00 | 3.00 0.00 0.00 -
Task 3 | 3.00 3.00 3.00 0.00
Task 4 000 | 200 | 0.0 - 0.00
Task5 | 250 | 250 | 150 | . 3.00

| Task6 0.00 1.00 000 | 1.00
Task 7 000 | 1.00 0.00 ~0.00
|Task8 | 000 | 100 { 000 | 0.00
| Task9 000 | 100 0.00 0.00
‘Task 10 | 000 | 1.00 1.00 0.00

| Task 11 ] 1.00 | 1.00 1.00 | 0.00
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Figure 6. Individual Red Group member's average communication score for each task.

Red Group Individual Task Average Message Score

Task Number
Red | —» -Red 2 -* Red 3 -* Red4

Test: Analysis performed on the members of the Red Group indicated that all
members of the Red Group showed a decrease in average message score from task | to
task 11. However, due to the relative small amount of messages sent by each member of
the Red Group, any conclusions drawn from their analysis must be made with caution.
The exception to this could be Red 2, who send messages every week. Red 2 started the
semester with an average message score between 2 and 3 for the first five tasks, then
regressed to sending out just Phase | messages for the duration of the semester. It can be

judged that Red 2 significantly decreased in average message score during the semester.



Ll

, Blue 1 Blue2 | Blue3 | Blue4 | BlueS
Task 1 263 | 200 | 2.50 288 | 3.00
Task 2 2.00 3.00 | 2.33 3.00 | 211
| Task 3 1233 | 275 2.60 225 | 3.60
Task4 | 200 | 1.00 1.00 1.67 | 3.00 |
| Task 5 2.00 1.67 233 | 233 | 222
Task 6 { 1.00 000 | 160 | 1.00 2.25
Task 7 { 100 | 225 300 | 3.14 -| 3.00 |
Task 8 | 167 | 3.67 3.50 0.00 | 0.00 |
Task 9 | 5.00 | 1.00 000 | 4.00 | 3.57
Task 10 | 2.67 150 | 2.00 1.00 220 |-
- Task 11 | 000 | 300 | 200 | 000 | 200 °
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Result: All members of the Red Group show a decreasing trend in overaﬂ

average message score. For Red 2, it can be determined with relative confidence that this

individual changed phase level in communication throughout the semester. This is due to

the fact that unlike other members of the Red Group, Red 2 continued to communicate
each week, albeit at the lowest phase level for the latter half of the ‘seméstef. Hdwever,
any speculation on the change in average communication for the other members of this.
group must be viewed with caution. Red 1 had six weeks without é scor_ed message, as

did Red 3. Red 4 had eight weeks without any scored messages. Therefore, although the

decrease in average message score seemed significant for the other members, it is judged

that any conclusions made are speculative at best due to the lack of data.
- The average message score for each task for individuals in the Blue Group are

shown in Table 11. On the next page, Figure 7 displays the information in a line graph.

Table 11: Individual Blue Group member's average communication score for each task.
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Figure 7: Individual Blue Group member's average communication score for each task.

Blue Group Individual Task Average Message Score

Task Number
-m Bluel —» -Blue?2 ¢ Blue3 ** Blue4 — -Blueb

Test: Analysis found no significant trend, either increasing or decreasing, for
members of the Blue Group that would model the data. This can be seen in the graph
above; no one person has a discernable pattern in their mean message score. A case
could be made for stating Blue 5 showed an overall increase. But given that the average
message score remained fairly constant for the first 8 tasks (even decreasing slightly),
with an increase shown in only tasks 9 and 10, it isjudged that this member did not
change communication phase levels over time. By looking at the data and the graph,
other interesting facts are noticed. For the first few tasks, the average message score for

all five members is fairly close. As the semester continues, the spread of the average
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message score among the five membere grows rapidly. The change of each individual's
average message score from task to task at the end of the semester fluctuates wildly as
well, while those changes were not as pronounced earlier. Also, it is interesting to note
thet one member (Blue 5) is at the top or near the top for almost every task in average

message score. It is also interesting that there were a total of six instances of an

individual sending no messages for a given week; yet each member of the group had at

least one, and they did not usually occur during the same week. It seems to indicate that

certain members would "take a week off" from working on the group task, at least from

- conducting any communication or work on-line.

Result: Analysis found no significant trends among the five members of the Blue
group. Judging from the graph and the data table, the ‘average meseage score for the
members does not change greatly during the semester, discounting the tasks with a score
of zero. |

The average message score for each task for individuals in'the Green Group are

shown in Table 12. On the next page, Figure 8 displays the information in a line graph.

Table 12: Ind1v1dua1 Green Group member s average communication score for each task.

Green 1 Green2 | Green3 | Green4
',Taskl 167 | 200 | 000 0.00 -
Task 2 - 1.00 5.00 0.00 0.00
Task 3 ' 200 | 3.00 | 400 | 0.0
Task 4 360 | 000 | 200 0.00
Task 5 200 | 320 300 | 260
Task 6 200 000 | 100 | 500
Task 7 1.67 | 233 | 200 | 1.00
Task8 | 2.00 1.00 | 0.00 -1.00
"Task 9 | 367 | 350 000 |  3.00
| Task 10 5.00 3.00 0.00 | 0.00
| Task 11 | 3.00 150 000 | 1.00 -
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Figure 8. Individual Green Group member's average communication score for each task.

Green Group Individual Task Average Message Score

Task Number
—e —Green | —* -Green 2 - Green 3 - * Green4

Test: Analysis found no significant increasing or decreasing trends in the data for
the members of the Green Group. Due to the lack of messages sent by two of the
members (Green 3 at the end of the semester, and Green 4 at the beginning of the
semester), it is difficult to judge if they changed phase levels during the course of the
semester. It appears that Green | had an overall increase in phase level during the
semester, while Green 2 seemed to decrease in average message score throughout the
semester (even when discounting the two weeks of no communication). However, both

remained fairly constant throughout the semester in their average messages score.
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Result: Descriptive analysis indicates that the average message score of Green 1

shows a increasing trend throughout the semester, while Green 2 shows a slight decrease

overall from task 1 to task 11. However, in both cases it is believed that the trends are

not significant enough to believe that the phase level of either Green 1 or Green 2

changed during the semester. It is difficult if not impossiblé to judge any change in

communication phase level for Green 3 or Green 4 due to the lack of messages sent by

these members of the Green Group.

The average message score for each task for individuals in the Yellow Group are

shown in Table 13. On the next page, Figure 9 displays the information in a line graph.

Table 13. Individual Yellow Group member's average communication score for each

task. -

B Yellow 1 Yellow 2 Yellow3 | Yellow4 | Yellows
Task 1 4.00 0.00 2.10 - 3.13 0.00
Task 2 2.50 1.75 3.11 2.60 2.17
Task 3 2.20 2.31 1.00 1.75 - 1.95
Task 4 3.64 1.49 2.67 2.00 2.92
Task 5 2.67 2.38 1.00. 2.00 2.56
Task 6 1.57 1.37 2.00 2.00 - 1.73

| Task 7 ~ 1.00 1.00 1.40 1.89 1.67

| Task 8 . 2.29 1.00 2.00 2.13 2.57

Task 9 2.08 1.71 2.44 1.86 1200 .
Task 10 1.00 0.00 - 1.00 0.00 3.00.

| Task 11 2.00 1.00 0.00 2.00

220
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Figure 9. Individual Yellow Group member's average communication score for each task.

Yellow Group Individual Task Average Message Score

1 2 3 4 5 6 7 8 9 10 1
Task Number
m Yellow I —» “Yellow 2 « Yellow 3” * Yellow 4 — ‘Yellow 5

Test: Analysis of the data indicated that Yellow | and Yellow 4 changed average
communication phase levels during the semester, with the change being a decrease in
average communication score. No significant trends were found among the other three
members. Viewing both the data in the table and the graph, it appears that Yellow 2,
Yellow 3, and Yellow 5 remained relatively stable in their average message score,
although Yellow 2 and Yellow 3 show a slight decrease, and Yellow 5 shows a slight
increase from task | to task 11. It should be noted that Yellow 2 and Yellow 5 have a
score of zero for task I because they were not members of the class during task I; they

added the course after the completion of task one. It is interesting to note that no one
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member maintained a pattern of having the highest average message score, and each
member did have the highest average for at least one task. It is also interesting to see that
one member scored higher than the others at ‘tﬁe beginning of the semester, while another
member scored consistently higher than the others.at the end of the semester.

Result: Analysis indicated that Yellow 1 had a significant decreasing trend;
therefore it is judged that Yellow 1 did'cflange phase Ieveis during the semester, and the
change was a decreasing one. The analysis for Yellow 4 élso showedf a significant trend
that decreased. HoWever, since it is unknown how much 'inﬂueﬁqe task 10 (a score of
Zero) has on this predictor, it is difficult to state with any certainty that Yellow 4 éhanged
phqse levels. The other three members did not demonstrate any significant linear, |

quadratic, or cubic trends; it is judged that they did not change phase levels. -

Gender Differences in On-line Communication -

‘Hypothesis 6.1: There was no significant difference in the total number of -

messages between male and female students.

"A ‘sum‘ma,ry'of the ANOVA table is shown in table 14 on the next page.
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Table 14. ANOVA for total number of scored messages by gender.

Total , 16858.5

SUMMARY ‘ ,
Groups Count Sum __ Average Variance
Female Total 8 316 39.5 1300.571
Messages : . ‘
Male Total ' 10 365 36.5 857.1667
Messages
ANOVA , - : ,
Source of SS df MS F P-value F crit
Variation _ , - '
Between Groups , 40 1 40 0.03805 0.84779 4.49399
Within Groups 16818.5 16 1051.15
17

Test: Based on the ANOVA, hypothesis 6.1 is not rejected. There was no .

significant difference in the total number of messages between male and female students.

Result: Although the average number of messages sent was slightly higher for

female students, the difference in that average was not statistically significant.

Hypothesis 6.2: There was no significant difference between male and female

students in the average communication score.

A summary of the ANOVA table is shown in Table 15 on the next page.
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Table 15. ANOVA for average communication score by gender.

SUMMARY | | -
Groups Count Sum  Average Variance

Female Average 8 18.9873 237341 0.06267

Communication ’

Male Average 10 22.3208 2.23208 0.07385

Communication ' :

ANOVA : , , N -

Source of Variation SS  Df MS  F P-value  F crit

Between Groups 0.0887729 1 0.08877 1.28724 0.27326 4.49399

Within Groups 1.1034123 16 0.06896

Total 1.1921852 17

Test: Based on fhe ANOVA, hypothesis 6.2 is not rejected. There was no
significant difference in the average communication score of males and females.
Result: Although the average communication score was slightly higher for female N
studen'ts, the difference in average corﬁmunication score between male and female
students was not statistically significant.
Hypothesis 6.3: There was no .significant difference.in the total ﬁum‘ber of high
level messages sent by male and female students. |
Test: Based on the ANOVA, hypo’.chesis 6.3 is not rejected. There ‘was no
significant difference bétween malés and females in the-number of high ievel messages .

sent.

A sumfnary of the ANOVA table for this test is shown in Table 16 on the next

| page.
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Table 16. ANOVA for high level messages by gender.

SUMMARY
Groups Count Sum  Average Variance

Female Total HL. 8 148 18.5 258
Male Total HI. 10 161 16.1 185.6556
ANOVA o ,

 Source of SS Df MS F  P-wvalue Fcrit

Variation )

Between Groups 25.6 . 1 25.6 0.1178 -0.73589 4.493998
Within Groups 3476.9 16 217.3063 : :
Total 3502.5 17

Result: Evei} though the table indicates that males sent on average more high level
messages, that difference was not statistically significant.

Hypofchesié 6.4: There was not a significant difference in the percentage of high
level messages sent By male and female stqdenté. |

A summary of the ANOVA table is shown in Table 17.. .

Table 17. ANOVA for percentage of high level messages by gender.

SUMMARY , ,
Groups Count Sum  Average Variance
Female percent 8 367.9862 45.99828 99.2829
HL messages
Male percent 10 436.7007 43.67007 118.458
- HL messages ' C
ANOVA - o
Source of SS daf MS . F  P-value Fcrit
Variation o '
Between Groups 24.09136 1 24.09136 0.218875 0.646207 4.493998
Within Groups  1761.102 - .. 16 110.0689 ' ‘

Total 1785.194 17
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Test: Based on the AN OVA, hypothesis 6.4 is not rejected. There was no
significant difference in the percentage of high level messages sent by male and female
‘students. |

Result: Although the table indicated that females sent a higher percentage of high
level messagee than their male counterparts, this difference was not statistically |
significant.

| Hypothesis 6.5: There was not a significant difference between male and femele

students in the number of messages sent at each phase level.

Table 18 shows the number of messages at each phase level recorded for all male

and female students. Table 19 shows the expected values for each phase level based
upon gender. The expected values are the hypothesized of eXpeeted number of messages
for each cell if the null hypothesis of statistical independence (between phase level and
gender, either male or female) were true. It should be noted that the data in Table 191is

rounded to the nearest whole number.

Table 18. Number of messages at each phase level for each gender.

Phase Levels
one | two three | four five
Females 122 46| 91 22 35
Males . 162| 42 L1 0 24 26

Table 19. Expec;.ted number of messages at each phase level for each gender.

, Phase Levels -

one two three | four | five
Females 132 41 94 21 28
Males 152] 47 108| 25 33
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Test: The chi-square test for iﬂndependence resulted in a value of 9.210644, which
does not reject the null hypothesis at the .05 level with 4 degrees of freedom. The p-
value obtained was .2215.
Result: There was no significant difference betweén male and female students in-

the number of messages sent at each phase level.

_Gender Differenceé in Individual Achievement

Hypothesis 7.1: There was no significant difference in the mean test score
between male and female students.

Table 20 shows the results of the ANOVA test.

Table 20. ANOVA for mean test score by gender.

SUMMARY - ‘
~ Groups Count  Sum Average Variance

Female Test . '8 696.5. 87.0625 34.1026

Average '

Male Test 10 909 90.9 19.5444

Average L : :

- ANOVA : , = ,

“Source of SS daf MS F P-value F crit
Variation ‘

Between Groups ~ 65.45069 1 65;.4507' 2.52572 0.13156 | 4.4939
‘Within Groups 414.6187 16 259137 - :

Total 480.0694 17

Test: Based on the ANOVA, hypothesis 7.1 is not -rejected. | There was no

significant difference in mean test score between male and female students.
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Result: There was no significant difference in the mean score on the tests between
male and female students.
Hypothesis 7.2: Thefe was no significant difference between male and female
students on the final test grade.

Table 21 shows the result of the AN OVA test:

Table 21. ANOVA for final test scores by gender.

SUMMARY.- ,
~ Groups _ Count  Sum Average Variance
Female FT Score 8 715 89.375 50.5536
Male FT Score 10 953 95.3 ' 9.34444
. ANOVA _
Source of Variation SS df MS F P-value F crit
Between Groups 156.025 1 156.025 5.69986 0.02965 4.49399806
Within Groups 437975 16 273734
Total 594 17

Test: Based on the ANOVA, hypothesis 7.2 is rejected; There was a significant
difference in final test score between male and female students.

Result: Males and females scored differently on the final test, with males scoring

| significantly higher than females.

incomplete Data Sets

Computer Attitudes and Anxiety

In the original proposal for this study, the experimental design called for a |

comparison to be made between the student's averageé communication phase level and
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their comfort and attitude using the computer, and a comparison of the student academic

achievement and their comfort and attitude using the computer. The Computer Attitude

Scale was to be administered to all students for use in these vcbmparisons. However, due

to difficulties in confidentially administering the test and limiting the administration to

before the data for the rest of the study were to be taken, the scale was given to only those

* students who were on campus. In addition, not all on campus students participated in this
survey due to illness during the week it was admiﬁistered. Descriptive analysis -of the -
data showed that no students exhibited a negative 'attitude tpwards computers, and most
were fairly positive in their attitudes. The data from the survey is summarized in
Appendix F. Recognizing this limitation, the following infofmatipn 1s presented.

Hypothesis 8.1: There was no staﬁsticélly significant rélétionship 5etWeen the
average communication score of the student and his or her comfort l_ev_e:1 and attifude
about computets.

Test: Pearson's correlation returned a value of .60039, with a p-value of .051.
Therefore, the hypothesis is not rejected at alpha = .05.

Result: There was no statistically signifiéant relationship between thé average
communication ‘sc‘ore of the student and his or her comfort ievel‘ and attitude abput |
computers.

Hypothesis 8.2: Theré was no statis'tica'lly significant relatiohship between the
number of scored messages for each studegt and his or her comfort level and attitude

about computers.
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Test: Pearson's correlation retumed a value of .596652, with a p-value of .053.
Therefoie, the hypbthesis is not rejected at alpha = '.05 .

Result; There was no siatistically significant relation_ship‘ between the number of
scored inessages for each student and ‘his_ or her comfort level atid attitude about
computers.

| ‘Hypothesis 8.3: There was no statistically significant relationship between the
~ total number of.high level messages for each student and his or heir comfort‘ level and
attitude about computers. |

Test: Pearson's correlation returned a value of .57999, i)vith a p-value of .061. :
Therefore, the hypothesis is not rejected at alpha = .05. | |

Result: There was no statistically significant relatioiis‘hipnbetwe?n the total
- number of high level messages for each student and his or her comfort level and attitude
about computers.

Hypothesis 9.1: There was no statistically significant relationship between
individual achievement on the final test for each student and hi; or her C(imfort and
attitude about computers. |

Test: Pearson's correlation returned a value of -.3196, with a p-value of .33'8.
Therefore, hypothesis 9.1 is not rejected at alpha = .05.

Result: There wés no statistically signiﬁcant relationsilip beiweén individual
achievement on the final test for-each student and his or her comfort zind attitude ilbout

computers.




Ll | 2 — o W [

130

Hypothesié 9.2: There was no statistically signiﬁcént relatibnship between
individual achievement on the test average for each student and his or her comfort and
attitude about computers.

Test: Pearson's correlation returned a value of -.27681, with a p-value of .41.
Therefore, hypothesis 9.2 is not rejected at alpha = .05 |

Result: There was no statistically significant relationship between individual
achievement on the final test for each student and his or her comfort and attitude ébout

.computers.

Attitudes Towards Course

In the original proposal for this study, the experimental design called for a sufvey
tobe administered to the students at the end of fhe course to measure their attitudes abdut
the course and the unique way it was offered. This survey was administered before the
final test; however, the survey was never re-administered to the students to .alléw for the
instrument to be checked as reliable. Also, dﬁe- to the way the survey was administered to
the off campus students, one student chose not to participate. The validity of the
instrument was éstabli-shed through eki)ert validity on the part of two professors famﬂiér
with the coﬁrse and its content. The survey can be found in Af)pcndix A. This Sur\}éy
Was to be done for descriptive statistical purposes only, wifh no pertinent hypotheses
generated from its ilse. It should be noted that the survey was given based on a 5—po’_int
scale, with "strongly agree" worth five points, "agree" worth four points, "peutral" worth
three points, "disagree" worth 2 points, and "étr_ongly disagree" worth one point. Table 22

on the next page presents the mean score generated from each question.
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Table 22. Mean score from each question

Part 1: | Mean Score Part 2: | Mean Score |.
Question Number ' Question Number

1 4.06 1 412

2 4.12 2 3.71
3 4.53 3 4.24

4 2.88 4 3.71 -
5 3.35 5 3.71

6 2.81 6 3.71

7 13.76 7 2.94

8 3.76 8 4.59

9 2.56 9 3.75
10 1.41 10 3.82
11 3.18 11 3.82
12 4.35 12 3.24

Analysis: There are several interesting items to discuss. In part 1, question #2. "I

felt more involved in taking an active part in the class" scored relatively well, with most

students agreeing with that statement. ‘Question 4 "Doing the work on-line made it more

difficult" scored between neutral and slightly disagree from the 17 students who

resporided to the survey, indicating that for the most part, they did not find the work any

- more difficult than regular face to face classes. The responses to Question 5 indicate that

students would agree slightly with the idea that if they became bogged down with othér
work; they would tend to stop participating in the on-line-discussion; this can be seen in

the data analysis for hypothesis 5. Of pafticular interest are questions 7 and 8. While

agreeing that use of MSUlink made it easier for them to communicate with the pfofessor

and other students, they also felt (by the exact same score) that théy would have take_ri

more of a role in group discussion had the groups met face to face. These seem to be

contradictory in nature. Question 10 "I would NOT take another course that has anon-,. . ..
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line component" was met with strong disagreement.. This indicates that the students were .
not negatively-affected by working on-line.

For the questions f'rom part 2, each sentence began with the phrase "The use of
the technology associated with MSUlink allowed for:". All these questions, worded to

“ reflect positively on the use of‘ the technology, scored higher than neutral except for

question 7. This question involved the turnaround time that it would take an instructor to
answer questions that the students had posed. Although it was close to neutral,: scoring a
2.94, it is still relevant in light of the relative scores c;f the other questions. The stuAdents‘
believed that thi_s was a problem, when compared to other classes.

‘Some of thé questions that elicited an overall positive response should be
mentioned in detail. The responses to questions 4 and 5 indicated that the students felt
they were able to communicate more frequently with other students in thé claés, and -their ‘
instructor. The responses to questions 9 and 10 indicated ‘Fhat the students believed they
were able to work fasfer and more efficientiy within a group format. And the response to :
question 12 showed that the students felt (slightly) that the group work performed in this
class was more educationally rewarding Whén'comparec‘i to face—to—face‘ classes. - .

Table 23 c;n the next page indicates the student‘é average score frém the survey.
:Qﬁeétions 4, 5 , 8,9, and 10, whiéh were posed negétively; were reversed in theif scoring '
for this table. This would allow the .results below to indicate that Fhe higher the mean

score, the more positively that student felt about the class. ‘
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Table 23. Results from survey of student's attitudes about the course.

Student ‘ ‘Mean Score Student - Mean Score
Red 1 B 3.83 Green 1 | 3.42
Red 2 ~ 3.83 Green2 . 4.04
Red 3 ‘ 3.46 Green 3 j 3.75
Red 4 K 421 | Green4 : 2.83

* Blue 1 : 3.92 S Yellow1l | - 3.46

Blue 2 3.63 Yellow 2 3.71
Blue3 . 3.08 Yellow 3 , 3.63
Blue 4 3.29 : Yellowd = | No Score

Blue5 4.58 N Yellow 5 B 3.38

Analysis: Only one student had a negative 6r’ slightly negative ovefall attitude
towards the use of the technology in the course: Green 4. It is interesting to note that the. .
group means .(3.83 for the Red group, 3.7 for the Blue Group, 3.51 for the Green Group,

and 3.54 for the Yellow Group) were roughly the same, despite differences in the use of
the technology. It is also interééting to note that the person who had ‘t.h‘e highest positive
attitude :towards‘ the use of the téchriolo_gy, Blue 5, also had the highest éverage |

communication phase level (average communication phase levels for individuals can be

R - found in Appendii F).

Summary

After the testing of all hypotheses, the following results were deemed to be
significant. The number of messages sent at certain phasé levels was dependent upon
- whether the students were on campus students or off campus, students, as was the number

of messages sent at certain phase levels dependent upon group membership. Two

significant relationships were found when comparing individual achievement datato .= .. «

communication variables. There was a significant relationship between an individual's
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average test score and an individual's average communication score. There was alsoa
significant relationship between an individual's average‘te:s‘t score and the percentage of
high level messages for each individual. Both relationships were inverse relationships;
the lower an individual's communiéation score or percentége of higher level messages, .
the higher the average test score.

There were three hypotheses with significant findings when testing the group
communication variables and group achievement variables. There was a significant
relationshii) between the rank of each gr’oup tésk and the number of scored messages for
each group on each task. There was glso a significant relatiqnship between the rank of
each group task and the number of high level messages by each group. for each task.
And, there was a significant relationship between the rank of each group task and the
highest level message attained by each group for that_ task. All were positive
relationships; in general, the higher the score on the communication variable tested
(whether it was the ‘numb‘er of messages, the number of hi_gh ievel inességes; or the
highest level message attained) by each group for a task, the higher the rank of that task.

Two groups were found By trend aﬁalysis to show significant decreases in average
commﬁnication score over the length of the semester. There was no significant
difference in the comlnﬁnicatioﬁ of males and females, although a‘.‘si-gnificant difference

between males and females did exist on the final test scores.
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CHAPTER 4
~ CONCLUSIONS
Introduction

The purpose of this study, the sample qhosen, the experimental procedures used,
and the results obtaincd are briefly reviewed in this chapter. The conclusions reached are
then discussed. Some discussions concerning observations made by the researcher .

- follows the éonclusions. Finally, recommendatibn for further action and study ére

presented.

Summary of the Study .

The purpose of this study was to determine if stu,dénts participating in on-line |
problem-solving activities communicate diffefently dgpgﬁding upon location Qf the
student (on campus or off campus) and whethe1; ‘differeﬁ‘ces in c’ommunication are related
to differences in achievement. The setting for the study was Montana State University, |
Bozeman, Montana. The study took place duripg the Spring Semester of 1999, and
involved a total of eighteen students.

Fourteen of the eighteen students were enrolled in Math 329, the undergraduate |
Modern Geometry course. Four of the students were enrolled in Math 527, a graduate
level Geonietry for Teachers course. The content for the courses ;)vas identical, and can

be found in Appendix C. ) L&
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The course was not taught in a traditional lecture setting; instead, the course
materials (with the éxception of textbooks) were delivered to students via the Internet
through the use of the World Wide Web. Although enrollment in the course was open to
any student who met the prerequisites, most of the students were secondary mathematics -

teachers or undergraduate students majoring in secondary mathematics education.

All foul_r of the students enrolled in the gfaduate level version of the course (Math

527), and one student enrolled in the undergraduate level version of the course (Math

329) enrolled in the course as distance education students. The other thirteen students
enrolled in the undergraduate level version of the course (Math 329) took the course on
campus at Montana State University. |

The eighteen students were placed into four collaborative work groups consisting | o i
. of four or five students each. The five distance students made lip one group. The other’ ‘
three groups were made from the thirteen on-campus studenté.: The members of these

three groups were balanced by matching on prior mathematical ability, with gender as a

seconda:_ry'matchjng variable. Prior mathematical ability was ‘d(-;termined‘.‘by the student’s

college grade point average in all mathematics courses that count towards earning a

degree in secondary mathematics.

“Each week for eleven weeks, groups were assigned a problem-solving task. The

weekly group tasks were to be addressed collaboratively, with each student contributing

1deas, responding to ideas, proposing strategies and procedures, demonstrating solutions,

and summarizing and reporting their groups' findings, all on line. A éomplete record of

4

the deliberations of each group was recorded in eleétrohi_c form using the messaging and -
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chat tools found on MSUlink availabls with the First Class Client software. Sul’)st,anfive’
contributions t-:o these deliberations that took place in face-to-face or phone conversations
were to be referenced and reiterated in the electnonic communications of the group.

Group problem-solving tasks were posted Monday mornings. Students had until
Sunday evenings at 5:00 Mountain Time to-complete each task. Assessments of she
activities were based on the same criteria for each group, not depending upon which of
the two communication environments were used to complete the activity, or how often
the communication environments were used. ‘ All members of each gfoup ‘recl:eive‘d_‘ the
same grade on each task. |

EBach message sent by all individuals Within their problem-solving groups was
analyzed and ranked according to the Interaction Analysis.Mod'el deveioped by '
Gunawardena, Lowe, and Anderson (1997). These rankings were used to genérate an
average message score pen task for each individual and each group; the total number of
nlessages per task for each individual and each group; the total number of high level
rnessages (defined as the number of messages scored with a phasé lsvel of 3, 4, or 5) per
task for each individual and each group; the percentage of high level messages per -,task
for each individual; and the highest 'ph;clse level ‘attained by sach group per task.

Academic achievement data for individual students was gathered in the form nf
their midterm and final examination scores. Acadsmic achievement data for groups was
gathered in the form of the raw scores earned on their relative rani{ingS‘ per task. The

criteria used to rank the group tasks can be found in Appendix D. Data on the student's

/
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attitudes towards computérs were gathered using the Computer Attitude Scale, developed
by Loyd and Gressard (1984a). |

The data were analyzed using three different statistical software packages;
Microsoft Excel, Minitab, and SPSS. Use was made of the folloWing procedures: . |
analysis of variance, Pearson correlations, trend énalysis, and Chi-square tests of
independence. -

The null hypotheses that the communication phasé levels were independent of .
whether the students were on campus or off campus, or that the commuﬁiéation phase
- levels §vere independent of group membership were rejected.

" The correlations between individual échievement and communication within the
problem-solving groups Were nonsignificant, except for two that 'shoWéd a negative‘
correlation. The correlations that were found showed a significant (negative)

' relationship between an individual's .average test score and an iﬁdividual'é average
communicatioﬁ score, and a significant (negative) relationship between an individual's
average test score and the percentagé of high level messages‘for each individual. The
correlations between group achievement and communication Within fhe'probletn—solx)ing
groups were mostly nonsignificant. However, three showed a positive correlation. Those ’
three found a significant (pbsitive) relationship between the rank of each gfoup task énd
the number of scored messages for each gfoup. on each task, a signifi‘caﬁt (positive).
relationship between the rank of each group task and the number of high level messages

by each group*fc.)r eéch task, and a significant (positivey relationsﬁip bgtween ’;he -rank of

each group task and the highest level message attained by each group for that task.

N
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Trend analysis énd descriptive analysis found -tha’g communication phase levels
decreased for three of the eighteen individﬁal‘s, aﬁd for two of the four groups.
No gender differences were found among the communication variables. No
gender difference was found in average test score, but there was a signifidant difference

in the final test scores between males and females.

Conclusions and Implications

The researcher reached the following conclusions based on an analysis of the data -
collected in this study\. -.

The level of communication employed by students was related to whethe/r the
students were on campus or off cﬁmpus (Hypothesis 1.1). By examining the data, it
appears that the largest discrepancy- between the predicted number of communications
and the actual number of communiéations occurs in phase one messages. The off campus
students had far fnore communications "at this level than expected, while ,th'e‘ on campus
students had less-communications at this level than expected. . This difference could be a
result of what constitutes a phase one message. A pha.se one meséagq described by‘ ‘
Gunawardena, Lowe, and Anderson (1997), is a message that involves the sharing or
comparing of information. It is tﬁeorized by the researcher that this type of
communication could be more readily accomplished by other mé‘éns than on-line .
comumunication for those students who wefe on campus. The off campus students did not
have this as an optibn; subsequently, they Wéuld have a higher ﬁurh‘ber of -phas_e one

messages than predicted by a chi-square test.
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Another interesting finding in this data is the frequency with which

communications at certain phase leévels occurred in this course. In one of the studies by

Gunawardena, Lowe, and Anderson (1997), the‘ phase level that occurred most often was
phase 1, followed by.phase 2. Phases three, four, and five occurred less frequently than
the two previous phases, and all had about the same number of messageé. The pilot study
by this researcher using communication data from the summer geometry course féund“ a
similar scenario. This led the researcher to believe there would be a fairly direct
relationship between the phase levels and the number of ,coﬁmuniéatioﬁs thaf occurred at "
that levd. Most messages would.be scored as phase one; the second moét frequent phase
would be phas_e twb, and so on. However, this finding waé not replicated in this study.
While the largest grbup bf messages were phase one messages, the second largest group
for all on and off campus groups was phase three messages, not phase two. The méfgin

of this difference is sufficiently large enotigh to merit further analysis.

An éxplanation for this discrepancy may lie in the nature of méthematical
-discourse. Phase two messages are those that involve the discovery and exploration of
dissonénce or inconsistency among ideas, concepts, or statements. Phase three messages
are those that involve the negotiation of meéning or the construction or co-construction of o ‘
knowledge. This researcher believgs that for mathematicians, dissonance often occurs
intérn_ally. In other words, perséns engaged in meaningful mathematica‘l problem solvin.g‘
will often experience, and attempt to resolve dissonance privately. ane they belieye
they have resolved that dissonance and have arrived at a (perceived) solution to the

problem, they will then share that with the members of their respective group. In cther . :
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words, the lack of phase two communications, and/or the overabundance of phase three

communications could be due to the fact that the process that is described in phase two -

dissonance - occurs internally, while the attempt to construct .new knowledge will occur
with the other members of the group.

There was m".) significant relationship between the. group communication variables -
(number of messages, average message score, number of high level meséages,\and
highest level attained by each group for each task) and the score attained by each group
on the problem-solving tasks. This result could be attributed té the lack of variability of

scores on the group tasks.

When the group tasks were ranked according to the criteria in Appendix D,
significant relationships were found between the total number of messages and the
rankings of the group tasks, the total number of high level messages and the ranking of

the group tasks, and the highest phase level attained by a group during a task and the

ranking of the group tasks. This indicates that the more frequently communication occurs

between group members (and the more that communication occurs at a higher level), the

better these groups did at creating and writing solutions to the problem-solving tasks.

This finding would agree with the 'findings of others (Mevarich, Sibler, and Fine, 1991)

that interaction between students was the key to students learning in groups while using

the computer. This would also éuppbrt the idea of Schutte (1996) that students do better
in WWW-based courses when they work and interact in groups. In this study, however,

the interaction was not face to face; it was at a cl_istancev‘.
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There were two significant findings when comparing individual achievement and

on-line ch_nmunication. There was a significant inverse relationship between an
individual's average communication score and his or her average test score. There was
also a significant inverse relationship between an individual's pefcentage. of high level
messages sent (this is the ratio of high level messages divided by the total messages) and
his or her average test score. When tésting the other six hypotheses related to individual
achievement and communication, no relationships were found.

These results were somewhat surprising, given the previous findings on the group
data. A Pearson's product moment correlation test was conducted to see if there existed a
significant relationship between the average f.est score for each individual and the
mathematics grade point-average of the individual. Another Pearson's r was conducted
testing for a significant relationship between fhe final test score for each individual and
the mathematics grade point average of the individual. These tests i)v’ere conducted since
" it was by mathematics érade point average that the groups were formed Tﬁese tests were
conducted on only the on-campus students (n=13), since the off-campus students were
one corriplete group, and not formed by heterogeneous matching on mathematics grade
point average.

The results of the Pearson tests found no significant relationships between the

individual achievement variables and mathematics grade point average. The correlation

values were .32663 for test average vs. mathematics grade point average, and .198098 for

¢

final test score vs. mathematics grade point Eivérage. The p-values were .276 and .516,
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respectively. Therefore, there was no significant relationship betWeén either the test
average or final test score, and the mathematics grade point average of each student.

It is sometimes the case that a relationship between two variables does not imply
causality; i.e_., the independent Vafiable influencing the dependent variable. It is believed
that this might be the situation with these variables, since the communication ‘oc;éurred
while the students worked on group tasks, Wﬁile the tests were ind’ividual activities. Thé
Pearson's correlation tests seem to support this idea. In any case, the-benefit of group |
comﬁunication positively influencing the group academic activities did not translate to
the individual level when comparing each individual's communiéation (in the group
setting) and individual academic activities. |

There could be other reasons for ‘ychis‘surp,rising reéult. Due to the fact that since
the number of students in this study was low relative to the number of hypotheses-tested', .
a Type I error (rejecting a true null hypothesis) could have occurred in these instances. -
Another reason could be that while some students are Véfy verbose and eXcelleﬁt '
communicators (and thus will communicate at high levels), they also can be relatively
poor test takers, and vice versa.

The nature or structure of groups may also partially explain fhese findings. - For |
example, mafherhatically weaker studenté may be able to benéfit from matherﬁgtically
stronger students in their group in a way that does not frénsfer to individual acﬁvity.
They benefit during the gfoup work from having the‘rstrongér students ‘help solve the
problems they cannot; and. when they commuricate about the problem, knowledge is |

gained, or the information is understood; thus the communication is at a high level.

»
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Unfortunately, this knowledge is short-lived; and when the tests are given the
mathematically weaker students cannot recall completely or at all how to solve that
problem.

A somewhat different situation could occur as well. Some students may be high
achievers as individuals but do not work well, or-especially communicate well, du‘r‘ing‘ ‘
group activities. These individuals would do well on the individual‘ academic tests, but
would have communicated sparingly and/or at low levels during the group activities, thus
helping to create a negative correlation between individual achjevement and group
communication. ’l;hereforeg to help establish the link between .individual achievement

and on-line communication within a group setting, it is reccommended that either the

information tested align closely with the group work, or some type of test be conducted to

measure the amount of work each student does within his or her group.

Thus, an individual such as that would not.communicate very often or at very high levels

during the group work, preferring to keep their thoughts to themselves.

Total messages per t‘esk decreased during the semester. This may have beén
caused by several factors. For the Red Group, the decreaseto almost no on-line
commun-ieation indicates that they found the method unsatisfactory in helping sol-ve the
group tasks and used other methods, despite being instructed to the contrary. This \évould
feﬂect the findings of other stuaies (McHenry and Bozik, 1993; Smith and McNelis, |
1995) that found some students located on campus to have negative feelings towards the
ﬁse of technology. This does not explain why tléieot-her.‘ groupé, particularly the off

campus Yellow Group, had the same decrease. Perhaps their decrease lies in the

LI
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Hawthorne effect; as they became accustomed to using on-line communication, the
novelty wore‘ off. Given the ages and maturity level of the participants, this'seems -
unlikely to accOu‘nt for a major part of the dccréase. A more likely possibility wa{s\ that aé_,
the members of each group became familiar with each other, the roles.became better
defined, and certain procedural .aspects of what needed to be done and communicated to
otﬂer members at the beginning of the semester was no longer necessary as the semester
progressed. . |
The four groups seemied to establish a pattern of use of the on-line communication

tools after the first few tasks. The Red Group deemed the use unneceésary or impractical,
and for all intents and purposes, stopped using it. The Green Group used the on-line
communication tools sparingly, but the communication (pai‘ticularly towards the énd of
the semester) was almost exclusively high level communication. The Blue Group's use
of on line vcérrununication was similaf to the Green Groups, except their numbers of
messages were hiéher. Perhaps fchg‘,difference 1n nufnber of members. (five in the Blue
Group, four in the Green Group) would partially account for this. Thé Blue Group also
seemed to establish a group leader earlier in the semester than the Green Group (as
observed by the researcher), which may also‘ account for the higher nuﬁber of messages.

_ The Yelloyv Group used the comr‘rmnication tools for all communication, no madtter how
detailed. This group worked more cooperatively. than the others; i.e., there did not seem
to be one pérsoh taking charge and being the leader every week. Rather, they todk turns

leading the activity. -
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Two groups (Red and Yéllow) significantly changed '(decrea.sed‘) average
communication phase levels during the semester; tﬁe other two groups showed an
increase, alt‘hbugh not significant. The Red group décreased due to m'asons mentioned
earlier; the lack of use. Why the Yellow group decreased in average fnessage score is not
known. - However, it is speculated that this entirely-off campus group may have been
working at a very high level at the beginning 'o_f the coursé due to the‘constraint of not
being able to communicate face to face. They may have been overcompensating for this
by putting forth an extra effort in order to succeed and/or impress the othér group
members. After the first few weeks, the grouip may have settled into a pattern that held
for the rest of the semester. In a sense, after the first few weéks, they regressed to the

mean. It would be interesting to see how their average communication phase level score

- would be affected if the course or study continued for another semes’tér.

Most individuals did not change connnufl\ication phase levels over time. Only
three of the eighteen students (Red 2, Yellow 1, and Yellow 4) Wefé j‘udged to .show a
significant decrease in communication phase level during the semester. 'This in turn may
have heavily influenced the overall decrease of their respective grc_)ups. With the Réd
Group, it is debatable whether oné member significantly decreasing caused the entire
group to significantly de;:rease, since each rﬁember decreased over time. Recall that due

to the lack of meséages sent by these other three members, it was impossible to judge

with any certainty if they did change average communicatjon phase level. Thisisnot

same or showed a slight (though nonsignificant) increase in average message score. So,

| I A e,

the case of the Yellow Group. The other three fnembérs of the group either stayed the”




AT S SRR A L

147

it is judged with a fair amount of confidence that the two members of the Yellow Group
who showed a significant decrease in average message score influenced the group to have |
a significant decrease in average message score. | |

There is no di‘fff_:rence in the communication of males and females when
_ cémmunicating on line while working in problem-solving groups. This would agree with
the findings of earlier studies on computer use (Gressard and Loyd, 1957; Hayek and
Stephens, 1989; Dyck and Smither, 1994); that showed there existed no significant

differences between the sexes relative to communication.

Discussion and Observations

When this study was originally proposed, the researcher wished fo combare the
relative effectiveness of the two cbmmunicatioﬁ mediums used in computer-mediated
conferencing, the bulletin board and thé chat room. To best accomplish thi_s, the
researcher decided that each groﬁp would work in one. conﬁnu_nication ¢nvirbnﬁlenf br the
other when working on a group task, but not both. If using one environment for that task, | *
they could not use the ‘othe-r under any circumstances. After completing a few tasks in
one Cdmmunication environment, the groups would cﬁange- to the other environment. For |
ex~amplé, if the groups worked ﬁsing the bulletin board for their communication during S
weeké one through three, they would switch and use the chat room for wéeks four |
through six. Tfﬁ_s pattern was to continue thrdughoiit the course. .

This idea, while appearing feasible in tﬁ_eo_ry, tﬁrned out to be impossible in - ..

practice. The four groups essentially balked at the idea, but for different reasons. The
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on-campus students did not like using the chat room, since it required them to all be on a -

computer somewhere (usually on campus)-at the same time. They much preferred the

bulletin board, with the advantages of convenience in use and of not hav'ing time
restrictions, as pointed out by Harasim (1990) and McComb (1993). Also, one of the
“advantages found using First Class Client, that of being able to attach work done in other

software programs to a bulletin board message, was lost when restricting students to just

the chat feature.
The off-campus students had the latter reason for not wanting to give up bulletin H

board postings. However, they also did not want to lose the ability to use the chat room. !

Due to the very nature of their group (being completely isolated from each other), thé'y
believed they could not survive as a group without the use of the chat feature. It was
essential to the conducting of their work in a timely manner, since it allowed all members

to communicate at the same time about the problem-solving task. The chat room allowed

them to discuss what they had discovered since their last chat, put forth ideas and

possible solutions for immediate feedback, set up a division of labor for the tasks,

establish future timelines for completion of certain activities, etc. In short, they believed

the chat feature was essential to their being a group, and not just a collection of

individuals working on a project. Too them, the chat room helped establish the

community of the group in ways that bulletin board postings alone could not do, or at

least not do as effectively.

For these reasons, the idea of allowing students to use only one communication

medium or the other was abandoned. While a comparison of the two major on-line
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communication methods may have been informative and useful in future course design,
much kﬁowledge was gained from how thé students reacted to such a p‘roposal, It
informed both the instructor of the course and the researcher that limiting the ability of
students to communicate on;line could seriously hinder the academic achievement of the
students. This could be likened (from a student perspectivé) as the same as allowing
students in the classroom to see or hear during class time, but not.both. It is also highly
probable that the students would not have felt as positive towards the course and the
technology use in the course as well.

One of the factors among the groups that seemed to result in a larger amount of

communication and higher phase levels in that communication was the emergence of a
group leader. A leader emerged for all groups except one, the Red Group. Perhaps not - : | I8

coincidentally, this group also had the lowest output in terms of messages, and their

average communication phase level score rarely passed the lowest phase level after a few
weeks of the semester had gone by. In the other three groups, however, there was one
clear leader, even if other members of these groups were designated-weekiy leaders of the

problem-solving task.

These leaders seemed to consistently be at or near the top of their.group in

number of messages and/or average message score week after week. They were the

~ people that helped set the agenda for working on and solving the task for that week, and

were the people that the other members of the group looked to when the work met a

roadblock. Intéréstingly, it was not always the case tht the leader of a group was the*”

person who had the highest mathematics grade point average. . . o _ -
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The Blue Group seemed to establish a l‘eadér firsf, ‘a_lbout 3to4 WCéks into‘-the
study. The Green Group did not seem to establish a leader until about mid-semester. The
Yellow Group, interéstingly enoﬁgh, seemed to have two leaders. One member seemed .
fo be the established leader early in the semester, from the very fifst task. ‘About mid-
semester this changed, and a different person emerged as fhe leader. Of intéreét is the
fact that this second leader did not jqin the class until after the first task was compléted. : ‘
Perhaps because of the late start, he or she did not feel comfortable in bééoming the }
group leader until after some time had passed, and had established some intimacy with

the group and its members.

In any case, it was observed that if a group did have an established leader, their
communication on-line as a group seemed to be more focused on solving the problem,
and that person would communicate more often and at a higher level than his or hér peers
in the group. It would seem that establishing a group leader is essential for a group to
perform at the peak of its ability. |

Another interesting observation was the effect that the-, instructor had on the chat :
room discussions. When groups participated in a chat room discussion without the
instructor present, the chats for the most part did not accomplish- much meaningful
mathematics and took place at low communication phase levels. An occasional
exception to tﬂis occurred when a group member took chargé of the chat, and in effect

became the group leader for that discussion. It was more often than not the case that the

leader of this chat would be the leader discussecf‘ab‘:o’*\}é?
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When the instructor was present, the conversations in the chat room were more
interesting, more in-depth, at a higher phase level, and much more verbose on the part of
the students. One obvious reason for this is that the instructor knows the answer to the
problem-solving task, and can much more egsily guide the students dowh the correct péth
then they can by guiding themselves. It is'obvious that in the classroom setting where an
instructor is much more knowledgeable about the subject rriatfer than the students, the
students rely on the instructor for guidance. The same is true in a-distance learning
setting. The reliance rr“lay_bve even more important, since a student taking a course at a
distance does not usually have the luxury of asking another authoﬁty fériguidancé. This
could be the reason why students viewed the turnaround time it took the professor in ‘t_hi_s
class to answer questions via MSUllink in a .slightly negative light, when all other factors
of MSUlink and First _CIaés Client were viewed positively. The student placed a high

emphasis on communication with the professor.

Recommendations for Further Action

Baéed upon 'the‘findings of this study, the researcher jre‘c'_o-m:fnends-that the |
Department of Mathematical Sciences of Montana State Univefsity take the following
actioﬁ: |
1. Imnstructors of distance l‘éarning courses should sét‘_up‘class.es. to maXimize

communif:ation between studen"cs, especially in problem-solving groups. Based on

the findirigs of this study, amount, of comriiimiéation and level of communication are "~

necessary for problem-solving groups to maximize their potential in designing a
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quality solution. Therefore, instructors of distance learning courses should make the

. methods of communication among their students, and between the students and

instructor, a high priority. The product chosen to facilitate the communication should

be dependable, reliable, and easy to use. The students should be given ample
opportunity to learn how to use the communication tools at their maximum potential.
And, all students should be encouraged to communicate with other members of their
group (or class) using both the bulletin board Iahd chat room facilities. |

Instructors must be available to communicate with the students onjline as often as
possible, possibly through set on-line "office hours". On the survéy given to the
students at the end of the course, the only question about the use‘ of MSUlink to
generate negative feedback was the questién "the use of t‘hc techﬁology associated
with MSUlink allowed for quicker turnaround tﬁne on questions to the instructor".‘ The
response was only slightly negative; however, given the fact thaf all other ques‘tioﬁs
generated positive responses, it would seem to indicate that students place a high
priority on instructor feedback. Therefore, in the Iinstructor‘s syllabus, on-line office
hours could be established and mentioned. This would be the timg or times during

' the week when the instructor (or an assistant) would bé available to conduct a cﬁat
session. However, it could be equally effective if the instructor stated that thls would -
be the time or times ‘dun'ng the x;v'eek that he or she would specifically answer bulletin

board questions. Students could then expect an answer during or shortly after this

time to their inquiries. Perhaps it would be best if a combination of the two Was_used, o
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but that would depend heavily on the instructor's time available, and/or if the

instructor had others who could assist in this chore.

Recommendations for Further Study

' The researcher recommends the following additional research:

. A similar study should be done in a subject area besides mathematics, or a topic area -

other than college geometry. As stated by Gunawardena, Lowe and ,Ariderson (1997)
"Further work with the model and instrument, especially with formal credit courses

and online work teams, is both needed and ongoing."

. A study should be conducted extending the length of time to go beyond a semester, to -

include a second or perhaps a third semester. This study could check to see if the
trends in communication of groups and individuals that were discovered in this study.
would continue or change in some fashion.

. Since there was only one off campus group for this study, a study conducted having

more than one off campus group would be advised. This study could better define if

off campus groups have different communication patterns than their on-campus

| counterparts.

. Similarly, if the situation of this study is repéated - that of having a small number of
off campus students when comﬁaréd to the on campus students - a study shouid’ be
conducted that would use problem-solving groups that contain both on and off

campus students.
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5. A study should be conducted that accounts for the difference in numbers of each

group, i.e., nbrmalizing group membership.

6. A study should be conducted that would check the communication phase level of

individuals vs. relative experience using computers, and check the communication
phase level of individuals vs. a test or measure that would determine the overall
communication ability of the individuals prior to the individuals taking part in the

study.

7. A qualitative study should be conducted on what students, not teachers as done by

Soo and Bonk (1998}, perceive as the benefits and drawbacks of using both

synchronous and asynchronous communication in distance learning courses.

8. A study should be conducted that compares communication of students and

achievement using both asynchronous and synchronous forms of communication.
However, this must be designed with caution, given that too much structure or rigor
imposed on the students may result in tainted dat)al, ér cause friction in the class as
outlined earlier. If one method (either synchronous or asynchronoﬁs) of
communication is imposed as the sole method of communication, students Wo'rking mn
that gr.oup' may find it difficult to work at the same level than if given the freedom to

: choosé how they wish to communicate, as delineated earlier in this chapter. For
example, stﬁdents who are at a distance and are workihg‘ coliabo_ratively may find the
use of a chat facility indispensable. On the other hand, restricting .students ‘t.‘o‘ justthe -
use of the chat room creates a time constrair:'it hofpfr?ésent‘ when using asynchronous - SR

communication. This could make it difficult for collaborative groups to meet enough |
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to make meaningful progress on the problem-solving task. Therefore, the course and
study would have to allow (and perhaps require) the use of both asynchronous and
synchronous communication methods for-each group task. |
A study should be conducted that uses a better measure of individual achievemen"t

other than the individual tests given as part of the course. This measure should align

_ directly with the work the students performed while working in their problem-solving -

10.

11.

/

groups.
A study should be conducted on how each member of a group perceives the -
contribution of other members of his/her gfoup. This in turn could be compared to
the individual achievement measure discussed in number 9, vand the communication
phase level of the students in the group.

A study should be conducted to determine the effect that "leaders" of a group have on .

‘that group's performance, both academically and in the on-line communication of that

group. There are several variations on how this study could be performed. The
instructor could choose a student to be the leader of the group for the entire semester,

or the instructor could appoint students as leaders of the group on a week by week

basis, or the instructor could make no such designations, and the study could see how'

each group develops a leader or leaders naturally...or do not develop a leader or
leaders ... and hence compare these developments to their academic achievement and

on-line communication. It was observed by the researcher, but not statistically

studied or verified, that the groups that forfﬂéd a léadér, or designated weekly leaders, "

- seemed to accomplish more academically and communicated more often than those
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groups that did not have a leader. It was alsd observed, but not verified staﬁstiéally,
that the leader would communicate at a higher phase level during the week or weeks
that he or she was the leader, and subéequently drop in communication phase ievel
during the weeks that he or she was not the leac(ler. A study to verify these
observations Would‘seeni to be essential iﬁ determining the best manner in designing
distance learning courses that involve group work.
A study should be conducted to determine the effect of having the instfuctof 1ead and
direct the learning of the problem—solving groups, especially during chat situations. - It -
was observed by the researcher, but not statistically sfudied or Vérified, that when the.

5

instructor was a participant in the chat situations, the communication of the other

members of the group would reach higher phase levels, and more understand‘ing"

~ would be accomplished as a result.

wr T
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Interaction Analysis Model for Examining Social Construction
of Knowledge in Computer Conferencing
(Gunawardena, Lowe, and Anderson, 1997)

Phase I: Sharing/Comparing of Information. -Stage one operations include:
' A statement of observation or opinion ,
A statement of agreement from one or more other participants
Corroborating examples provided by one or more participants
Asking and answering questions to clarify details of statements ‘
Definitions, description, or identification of a problem '

MoQwy

Phase II: The Discovery and Exploration of Dissonance or Inconsistency among Ideas,
Concepts, or Statements. Operations which occur at this stage include: :
A. Identifying and stating areas of disagreement
B. Asking and answering questions to clarify the source and extent of
disagreement
C. Restating the participant's position, and possibly advancmg arguments Or
considerations in its support by references to the participant's experience,
literature, formal data collected, or proposal of relevant metaphor or analogy
to illustrate point of view : '

Phase III: Negotiation of Meaning/Co-construction of Knowledge !
Negotiation or clarification of the meaning of terms ‘ t J
Negotiation of the relative weight to be assigned to types of argument b
Identification of areas of agreement or overlap among conflicting concepts

- Proposal and negotiation of new statements embodying compromise, co-
construction
Proposal of integrating or accommodating metaphors or analogies

SRS

Phase IV: Testing and Modification of Proposed Synthesis or Co-construction -
Testing the proposed synthesis against "received fact" as shared by the
participants and/or their culture '

Testing against existing cognitive schema

Testing against personal experience

Testing against formal data collected

Testing against contradictory testimony in the literature

s

moaw

Phase V: Agleement Statement(s)/Application of Newly—Constructed Meamng
A. Summarization of agreement(s) ‘
B. Applications of new knowledge :
C. Metacognitive statements by the participants illustrating their understanding
that their knowledge or ways of thinking (ce)gmtlve schema) have changed as
a result of the conference interaction
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SURVEY OF ATTITUDES TOWARD LEARNING ABOUT
AND WORKING WITH COMPUTERS
Brenda H. Loyd and Clarice P. Gressard
University of Virginia

The purpose of this survey is to gather information concerning people’s attitudes toward
learning about and working with computers. It should take about five minutes to complete
this survey. All responses are kept confidential. Please return the survey to your instructor
when you are finished.

Please check the blank which applies to you.

1. Age: 0O 22orless [ 23-25 0 26-30 o 1
O 31-35 03640 4145 | o o e
0 46-50 0 51-55 00 55+ (B
2. Cdllege level completed: 0O 1% year O 2“d year [ 3“year O 4"year | ]
00 Bachelors 1 Masters 0 Doctorate - |
Major area of study:_
4. Sex: [ Male U Female

Experience with learning about or working with computers: ' ak
1 week or less O 1weektolmonth &1 month to 6 months s
O 6 months to 1year - O 1 year or more ‘

Briefly state the type of computer experience:

COMPUTER ATTITUDE SCALE

Below are a series of staternents. There are no correct answers to these statements. They are
designed to permit you to indicate the extent to which you agree or disagree with the ideas
expressed. Place a checkmark in the space under the label which is closest to your agreement

or disagreement with the statements.
Strongly Shghtly Shghtly Strongly

N S

o ‘ © Agree ‘Agree Disagree Disagree
Computers do not scare me at all........ SRS L B TIL™ e~ B
I'm no good with cdfnputefs ...................... P = TR = T S DU O
I would like working with computers.... - l:l ...... . D creesevenenaees O
I will use cémputers many ways in my lifé ....... I:I ........... [ P “El ..... i a




- 10.
11.

12.
13.

14.
15.

16.

17.

18.
19.

20.

D — SRS (A SRS f- N %N
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-StronglySlightly ~ Slightly ~ Strongly
. Agree Agree Disagree  Disagree

Working with a computer would make me )
Ver'ynervous......;......................... .-.1 ............ ..., EI ..... I OO o
Generally, I would feel OK about trying a

new problem on_the computer............... e | I:I..I.- .......... | el W]

The challenge of solving problems with |

computers does not appeal to me..................0.......... I:ID ............... a

Learning about computers is a waste of time....d.......... I OO I OO ;]|

I do not feel threatened when others talk about -

COMPULETS.....omeeeernnennnns SR SUUU U Qe Qe O, O

I don’t think I would do'advanced .

computerWork.........................~.....,,.......;....D..l ..... (N (1 R W]

I think Workmg with computers would be enjoyable

and stimulating.............c..c.cooeeieineen. TR EI .......... N DR 0

Learning about corﬁputers is Worthwhil‘e; vere A, [ OO [ |

I feel aggressive and hostile |

toward computers................ [P Qe Qe O a

I am sure I could do work with computers......O........... I FUPUPRRPPRN  JORRO O
Figuring out computer problems does not appeal

tome. .o el I R [ DO .
I'll need a firm mastery of compurters‘ for my - |

future Work.c.....ooooiiiiniinidi e K — [N TR [ T |
It wouldn’t bother me at all to téke computer '

COUTSES- v verrerre e sesrenseeren e D Do D, |

I'm not the type to do well with computers......H........... I FCROOUON: S ORI O
When there is a problem with a computer run

that I can’t immediately solve, I would stick
“with it until I have the answer....... EI X TRSOSRRRROIOION s DUOE o S
I expect to have little use for computers - -

i my daily life..............rovvvvooiereereenn 00 = = WO = S« O




21.
22.
23.

24,

25.
26.

27.

28.
29.

30.
31.

32.
33.
34.

35.
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Strongly Slightly = Slightly  Strongly
Agree  Agree  Disagree Disagree
Computers make me feel uncomfortable..........0........ O 0 I [ o
I am sure I could learn a computer language.....d ......... I SRR [ PO w

I don’t understand how some people can

spend so much time working with computers

and seem to enjoy it........ F PP I IR S OV N OUUOO W
I can’t think of any way that I will use computers _

IN DY CATEET..oenieniiiiiiie e e eiee e e eanaas [ O I SRR s IOTPOON o
I'would feel at ease in a computer class.......... Qoo Deveerrereneee (N TR 0.
I think using a computer would bg very hard |
forme......oooiiiiiiii [0 R 8 IO [ OO 0
Once I start to work with the computer, I would ‘

find it hard to stop........coocooiiiii e [ JOUOURURURIS 2 RO I:l
Knowing how to work with computers will | |
increase rﬁyjob possibilities................ooeoeee L TR L TR B O - el
I get a-sinking feeling when I think of trying

to use a computer....... e Dll:l ..... s T T u |
I could get good grades in computer courses... ... D Q. |
I'will do as little work with computers as '
possible......7..................; .......................... [ I T Q... -...._'...,‘D
Anything that a computer can be used for, |

I can do just as well some other way...............Ju.eeuee., = ~.'. ...... Q.......Od
I'would feel comfortable working with a

computer...... .................................. oD Do -
I do not think I could handle a computer |

COUTSvvnrrnrrnrranrnnrnnnrnnrnnassnnssinnnnssnssnssssenddii DLl D
If a problem is left unsolved in a computei‘ class, | |

I would continue to think about it afterward...Q........... T = T .G

. V) )
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36.

37.

38.

39.

40.
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Strongly Slightly
Agree Agree

It is important to me to do well in computer

ClassesS...cvuiiriniiiiiniiiieaaaas OIS B ISRt I RO

Computers make me feel uneasy and

confused.....cooeeeiviviininnn., evenns [P Q.. O

I have a lot of self-confidence when it comes

to working with computers................... U B R o.....

I do not enjoy talking with others about

COMPULETS...oviiininiiiiiiiiiiiii JRTSTR Q...

Working with computers will not be important

to me in my life’s work..............cocoi (0 ISP o

Slightly  Strongly

Disagree  Disagree

....... O......0
....... .......0
........ a....0
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Student Technology Attitude Survey

Modern Geometry Course

bl L BN Lol W -]

The purpose of this survey is to gather-information concerning student's attitudes towards
the use of the technology in the Math 329 (or Math 527) course. It should take about 10
- minutes to complete this survey. All responses are kept confidential. Please return the

survey to your instructor when you are finished.

Below are a series of stateéments. There are no correct answers to these statements. They
are designed to permit you to indicate the extent to which you agree or disagree with the
ideas expressed. Place a chéckmark in the space under the label ‘which is closest to your .

agreement or disagreement with the statement.

Strongly
Agree

Slightly
Agree

Neutral

Slightly | Stro'ngly
Disagree | Disagree

1. The fact that my work could be read
by other students increased my
motivation to do a thorough job.

| 2. I felt more involved in taking an
active part in the class

3. I found the comments that other
students made useful to me

4, Doing the work on-line made it
more difficult.

| 5.When I became busy with other
things, I was more likely to stop
participating in the on-line work than I
| would be to skip a class.

| 6. Working the problems on-line was
|- more convenient

7. Having the computer conferencing
| system (chat rooms, bulletin boards)
available to me made it easier for me
to "talk" to my professor and fellow
students.

8. I would take part in group work
discussion more if the groups met face
to face,

-9. Ididn't work as hard in group work
in the on-line format as I would face to
face.

| 10. I would NOT take another course
that has an on-line componerit

11. I found the course to be a better
learning experience than normal face
to face courses.

12. I'learned a great deal more useful |
information because of the technology. :
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Joda.l,

For each statement below, place a checkmark in the space under the label which is closest
to your.agreement or disagreement with the statements. Begin each sentence with the

statement: "The use of the technology associated with MSUlink allowed for:"

“The use of the technology associated with
MSUlink allowed for:"

Strongly

Slightly

. Neutral

.Slighﬂy

Strongly |
Disagree.

1. initiation of conversations with the
instructor and other students.

| . Agree

_Agree

Disagree

2. more detailed comments from the
instructor pertaining to questions and
.on assignments.

3. more convenience when turning in
assignments.

4. more frequent communication with
other students.

5. more frequent communication with
the instructor.

| 6. increasing my ability to express my
ideas in writing and clarifying my
thoughts.

7. quicker turnaround time on
questions to the instructor.

8. the ability to edit pieces of
assignments together more easily.

9. the ability to work faster within a
| group format.

10. the ability to work more efficiently
within a group format. -

11. an increase in the quality of my
" education in this class.

| 12. more educationally rewarding
group work in this class, when
| compared to other face to face classes.

Answer the questions on the following page.
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Please check the blank which applies to you:
1) age:
.22o0rless + _ 23-25

36-40 o 41-45

2) College level completed:

173
26-30 3135
46-50 50 +
_ 3%year __ - 4"year
__ Doctorate

_ I*year _ 2™year
__ Bachelors _ Masters
3) Major Area of Study:
4) Sex: __Male ' ____ Female

Experience with learning about or working with computers before this course:

less than 6 months ,
______greater than 2 years

1to 2 years -

6 months to 1 year

e
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APPENDIX B

THE GROUP TASKS
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' PRELIMINARIES
Greetings,

- Please read and follow the instructions carefully. If you have questions, feel free to
contact me at work or at home.

Dave Thomas

Office Phone 406 994-5431

Office FAX 406 994-1789

Home phone 406 582-9480

GROUP MEMBERSHIP -

You have been assigned to one of the following groups. Each group consists of 4-5

* students and has its own conference within the Math 527/Geometry Spring
1999/Transformation Geometry conference. For fairness, an effort has been made to
equalize the groups based on past success in university mathematics classes.

Red Group - :

Blue Group - <Individuals names withheld>
Green Group -

Yellow Group -

WEEKLY ROUTINE ‘ ' .
Every Monday morning, a group task will-be posted. Begin work immediately, focusing I
concepts and procedures encountered in the readings, exercises, and laboratory activities | g
on the task. Regardless of how ideas are explored, they must be recorded in the MSUlink
group conference. Furthermore, the record must reflect the interplay of ideas and
individuals in the group. A summary of the group's findings is not enough. On Thursday
or Friday, each group will meet/conference with the instructor for 25 minutes to review
progress, ask questions, deal with technical issues, and discuss the format for the group
report.

GROUP REPORT

By 5pm the following Sunday, one member of the group must submit a comprehenswe
solution to the assigned task. The solution must take the form of an electronic report 1
submitted via MSUlink as a private message to Dave Thomas. The message should . - ‘
include the following elements: 1
- Problem Statement

- Key Mathematical Concepts

- Strategic Plan and/or Approach

- Use of Technology

- Principal Finding or Result

- Necessary Graphics and/or Other Files
- Discussion and/or Explanation
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GROUP COMMUNICATIONS

Each group member must contribute ideas, respond to ideas, propose strategies and/or
procedures, demonstrate solutions, summarize and report findings, and participate in the .
writing of the group report. Substantive information incorporated in MSUlink chats must
be copied and pasted into the group's messages. Substantive contributions that take place
in face-to-face or phone conversations must be referenced and reiterated in the messaging
system. Having said that, students are encouraged to meet, talk on the phone, use the
chat facility, and otherwise take full advantage of opportun1t1es to d1scuss course content.
It is OK to read messages in other groups. Never post a message to another group. If
you incorporate something from anether group in your group discussions, give credit.

GROUP TASK #1

The class notes posted in PDF format above provide matrix methods for performing
translations and rotations about the origin. Your task is to develop a matrix method for
performing rotations about points other than the origin. Your method must use a
composition of translation(s) and rotation(s) about the origin. In presenting your method,
include at least one computer graphic illustrating your approach. Explam the underlying
mathematics thoroughly
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GROUP TASK #2

Under an unknown linear transformation T, the point set
‘ 0 -1 -3

0 -1 0

1 1

is mapped onto the point set

3[ 3J3 1 : - “

—_—t— +—“
| 2 2
11 £+l ,3£+1
2 2 2
1 1 1

Find a 3x3 transformation matrix for T and identify all points and lines that are invariant
under the transformation. Give a geometric description of the transformation. Attach an
Animate movie that demonstrates the transformation.

The updated class notes in PDF format in the Transformation Geometry conference
discuss geometric and matrix methods for identifying invariant points and lines
associated with various linear transformations.
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GROUP TASK #3

The figure above is attached to this MSUIlink message as gt3.gsp, a Geometers Sketchpad
file. It was constructed by creating a triangle, intersecting its sides, connecting the
trisection points to the opposite vertices. A few polygons are shaded to suggest shapes
worth investigating. Do not limit your investigation to the polygons already shaded.
Discover everything you can about the relationships between the segments, angles, and
areas. State a formal conjecture for each discovery. Prove at least one of your
discoveries.
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GROUP TASK #4

1. Use your web browser to open the URL
http fwww.geom.umn.edu/~demo5337/Group2/welcome. html

2. "An Exploration of the Concurrency Points in a Triangle" has three parts:

o Triangle Investigations
o FEuler Line
o Nine Point Circle

Work through all three parts, studying both the content and the manner in which itis
presented.

3. Using analytic geometry and as much matrix notation as you can employ, show that
the nine-point circle and the circumcircle are related by a linear transformation, a
dilation using the orthocenter as the center of the dilation and a scaling factor of 1/2.
The transformation matrix for a dilation with center (c1, ¢2, 1) and ratio r is

r 0 cld-r)|
0 r c2(1—nr)|
0 0 1



http://www.geom.umn.edu/~demo5337/Group2/welcome.titm1
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GROUP TASK #5

You have been using the Geometer's Sketchpad to discover and test relationships
between segments, angles, and areas. The general strategy employed in the search for
relationships is to construct the figure in question, measure its features, compare
measurements, then observe which features, measurements, or comparisons remain
‘invariant when the figure is dynamically transformed. Once a relationship has been
discovered and formulated as a conjecture, it may be tested or demonstrated informally
using the Sketchpad using the same strategy.

The NCTM Standards 2000 states that:

A critical element in the study of geometry for students in grades 9-12 is knowing how to
Jjudge, construct, and communicate proofs. Electronic technology enables students to
explore geometric relationships dynamically, offers students visual feedback and

' measurement as they investigate geometric situations. Secondary school teachers face an
important challenge in balancing this use of technology for exploring ideas and
developing conjectures with the use of deductive reasoning and counter-example in
establishing or refuting the validity of such conjectures. Students should be able to
articulate for themselves why particular conclusions about geometric objects or
relationships among objects are logically sound. It is not critical that students master
any particular format for presenting proofs (such as two-column format). What is
critical, however, is that students see the power of proof in establishing general claims
(theorems) and that they are able to communicate their proofs effectively in writing.

1. In the gspdemo folder there is a file /samples/sketches/pythag/behold.gsp. The sketch
is a dynamic element in aproof by the Hindu mathematician Bhaskara of the - -
Pythagorean Theorem. Construct a proof of the Pythagorean Theorem using the
approach suggested in behold.gsp.

2. Prof. David Joyce has recreated the Elements in HIML format using Java to illustrate . -
Euclid's proofs. This is a remarkable resource for anyone teaching Euclidean
Geometry and is worth a thorough review. (My only concern in making this
recommendation is that Prof. Joyce appears to be a committed opponent to many of -
the reforms advocated by the National Council of’ Teachers of Mathematics.) Euclid's
proof of the Pythagorean theorem is found at
http://alephO.clarku.edu/~djoyce/java/elements/bookl/propI47.html. Compare and
contrast the mathematics used by Bhaskara and Euclid.

3. Compare and contrast the two uses of technology. Which use do you prefer? Why?

4. Compose a 500 word response to the following question: "How may the Geometers
Sketchpad and other technologies be used to facilitate the discovery and formalization
of proof?" That is, once a relationship has been discovered, how may you use
technology to facilitate discovery of the underlying facts and logical connections that .
collectively constitute a proof? What shifts in perspective and/or purpose must occur” -
for the student? '



http://alephO.clarku.edu/~diovce/iava/elements/bookEpropI47.html
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GROUP TASK #6

The following WWW sites provide a systematic introduction to fractal geometry at the
middle school level.

.

http://math.rice.edu/~lanius/frac/

http://www.shodor.org/interactive/lessons/frac I.html

Summarize the content and approach taken in these materials and discuss the
prerequisite mathematical concepts and skills that middle school students need in
order to succeed with these lessons.

These WWW sites provide an introduction to Iterated Function Systems (IPS), a topic
more suited to high school or college students.

The following fractal is based on an IFS consisting of 19 mappings, one for each "stroke

http://campus.northpark.edu/math/courses/Math  1030/WebBook/MatrixGeometrv/Af
fine/index.html

http://www.cs.rice.edu/~ieffh/fract/index.htm|

http://www .williams.edu/go/math/courses/M ath300/ephsifs
http://eci.ucsb.edu/Imikeski/mathdiv/attract.html

In your own words, describe Iterated Function Systems and discuss the prerequisite
mathematical concepts and skills that high school students need in order to succeed
with these lessons.

involved in the writing of the block letter version of chaos.

Create a similar fractal based on the letters MATH (12 strokes) or MSU (12 strokes).
List each linear transformation as a matrix and create the fractal using EphsfFS
(above). Attach a copy to your MSUIink group report


http://math.rice.edu/~lanius/frac/
http://www.shodor.org/interactive/lessons/frac_I_.html
http://campus.northpark.edu/math/courses/Math_1030/WebBook/MatrixGeometrv/Af
http://www.cs.rice.edu/~ieffh/fract/index.html
http://www.williams.edu/go/math/courses/Math300/ephsifs
http://eci.ucsb.edu/lmikeski/mathdiv/attract.html
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GROUP TASK #7

1. Using the Geometers Sketchpad, investigate Peurcellier's Cell (peurcell.gsp) and
explain its operation in terms. of the transformation of inversion.

2. Discuss the concept of invariance as it applies to the transformation of inversion.

3. The Reuleaux Triangle is an interesting geometric novelty. -Using the attached b
Sketchpad files and the following WWW sites, investigate Reuleaux Triangles and .
curves of constant width :
http://www.nas.com/~kunkel/reuleaux.htm
http://www.ics.uci.edu/~eppstein/junkyard/reuleaux.html
hitp://www.cut-the-knot.com/do_you_know/cwidth.html

Using the Geometers Sketchpad, design a different curve of constant width and explain
the basis for the construction. If possible, create and save the curve on the ntrigue server
in your group folder. Label the file GT7. :

http://ntrigue.-math.montana.edu:8080/ gskp.htm



http://www.nas.com/~kunkel/reuleaux.htm
http://www.ics.uci.edu/~eppstein/iunkyard/reuleaux.html
http://www.cut-the-knot.com/do
http://ntrigue.math.montana.edu:8080/gskp.htm
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GROUP TASK #8
Group task #8 is based on pp. 23-25 in Thomas. Your goal is to

» Investigate the relationship between the complete quadrangle WXYZ and points PI,
Ql, P2, Q2 on line I shown below (See #1 below) and
» Show that PI, QI, P2, and Q2 are in harmonic relationship (See #2 below)

~ The Geomele*'; Sketchpad - tSketch02.g«p|
IS) File Edit Bwpby £omtmct Jransfoim Measure graph &ork Help

IDraw Text& Label WTW‘I

"Harmonic" - |
» Terms in arithmetic progression are separated by a common difference:
I 2 3 4 5 :
» Terms in harmonic progression are reciprocals of terms in arithmetic progression:

171 12 13 14 15
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"Harmonic" - 2

P P1 P2
U =PP1/PP2 is the algebraic ratio in which point P divides segment P1P2

,ll‘151‘ | ‘ O1 o2

P1 Q1 P2 Q2

ui=Q1P1/Q1P2 Ha= Q2P1/Q2P2
Q1 and Q2 separate P1 and P2 harmonically if j1 = - 2

1. Is the second use of the term harmonic consistent with the first use? To answer this
question, consider the differences between reciprocals of successive terms. If the
differences are the same, the terms are in harmonic progression according to the first
definition. ' ‘

2. Coordinate geometry offers a familiar environment in which to show that the
complete quadrangle divides line [ harmonically. Use the following notations and
approach in making your case.

o LetP1 correspond to (0,0) with P2 to the right on the x-axis
Lines a, b, ¢, d with slopes a, b, ¢, d.
[Write the equation of each line]

o Points of intersection
[Find the points of intersection W, X, Y, Z]

o Lines e and fthat intersect line / in points Q1 and Q2
[Determine the intersections -of lines e and f with line /]

o Differences in segment reciprocals
[Determine the segment lengths and differences]

o Show that the segments are in harmonic progression
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GROUP TASK #9

Figures | and 2 show a canyon system on Mars. Points A, B, C, D, and E are marked in

both images. Your task is to:
1 Find the location of point X in the white, rectangular region of Figure 2 using the

paper strip technique discussed in Thomas pp. 92-93; and
2. Thoroughly explain the mathematical basis of the paper strip technique and your

solution to this problem.

Figure |
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GROUP TASK #10

Choose three of the following five conjectures to work on for this group task. For each of
the three, determine if it is a true statement or a false statement in hyperbolic geometry. ‘
Support your choice by providing an example (or counterexample) using Non Euclid. |
Also, if you believe a statement to. be true, describe the steps you took to determine this. !

1) If two triangles are similar, they must be congruent.

2) There exists a parallelogram with exactly one right angle.
3) Equilateral triangles do not exist.
4) Given AABC,if AB = AC,then £B= /C. o

5) Vertical angles are congruent.
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GROUP TASK #11

VijjNonEuclud HEFB

File Edit yiew Consttudions Measurements Help

— AB to AD
Line BC circle BA
intersect at E & F
Line AD circle AB
intersect at G & H
Infinite Line EH
Hide Circle: BA
Hide Circle: AB
Angle EBA =90.0°
Angle BAH = 90.0"
Angle AHE = 54.7°
Angle BEH = 54.7°
Length EB =1.1299
Length AH =1.1299
Length EH = 1.7878
Length AB =1.1299

lift Start1 3FM|[# N #%C.| fipj -~m)_~lgl NG ~AL v 327PM

l. Using the labeling shown above, prove that in a Saccheri quadrilateral
1. The summit angles are acute and congruent
2. The summit is longer than the base

B For any hyperbolic triangle, prove that the sum of the angles is less than 180°.
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APPENDIX C

THE COURSE SYLLABUS
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(note: this syllabus was altered slightly throughout the course at the discretion of the instructor).

_ Syllabus '
Math 527 Geometry for Teachers
3 Semester Credits , January 19 - April 30, 1999
David A. Thomas . - | Phone (406) 994-5341 '
Department of Mathematical Sciences Fax (406) 994-1789
Montana State University Dave @math.montana.edu
Bozeman, MT 59717 | http://www.math.montana.edu/~dave

ABOUT THIS COURSE

Math 527 is a 15 week-long distance education course intended for K-12 mathematics

_ teachers pursuing Masters of Science degrees in mathematics education at Montana State
University. The course is delivered using a combination of mailed textbooks/materials

and WWW-based distance education technologies. Students should plan to spend
approximately 10 hours per week on course assignments and activities, including on-line
discussions. Individuals unable to sustain this level of involvement should not enroll. ‘
Individuals with limited computer and/or Internet experience are cautioned that technical
difficulties routinely encountered in the installation and operation of course software and .
communications technologies may occur to such an extent that on-site technical

assistance is necessary. Locating and paying for such assistance is entirely the
responsibility of the student. In order to identify and resolve technical difficulties before
they cause serious instructional problems, students are urged to download, install and test
all necessary technologies prior to the beginning of instruction. : - SRR |

TEXTS (Shipped to students with other course materials by the instructor)

Modern Geometries, Fifth Edition by James R. Smart, Brooks/Cole, ISBN/ISSN: 0-534-

- 35188-3 | \ I | .
Active Geometry by David A. Thomas, Brooks/Cole, ISBN/ISSN: 0-534-34485-2 ' 1

"COMMUNICATIONS
All course-related discussions are conducted using First Class Client, an Internet-based
communications tool mailed to students with other course materials. Regular,
meaningful participation in on-line discussion is required of all students.

Quizzes and/or examinations reflecting the content of the textbook readings, homework,
and directed activities will be posted here in PDF format. Students must download and
save each quiz or examination, then print a hard copy using Adobe Acrobat Reader.
Completed quizzes and/or examinations must be faxed to the instructor as specified in .
each document. ' ‘



mailto:Dave@math.montana.edu
http://www.math.montana.edu/~dave

‘GRADES :

2 Exams @ 100 pts = 200.

12 Group Tasks (GT) @ 10 pts = 120
4 Lesson Plans (LP) @ 20 pts = 80

Total points possible = 400 A- =360, B- =320, C- = 280, D- =240

WEEKLY AGENDA
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Week | Ch |  Topic(s) - Sample Performance Goals

Assignments

1/19/99 - Getting Started | Download, install and test the
: software and data files used in the

course

Mac users
checksheet
PC users
checksheet

=}
GT #1
[=]

]

(-]

1/25/99 |2 | Transformation | Given a set of transformation
Geometry matrices, and the vertices of an
object" triangle

Describe the features of each
transformation

Find the "image" of the triangle
under a given composition of
matrices

Demonstrate all of this using the
PC program Animate

Use the TI-92 for matrix algebra
calculations

Smart:
2311

2410, 15,
18, 21,25

Thomas:

4247

(<]

(-]

LP #1

| 2/1/99 | 2 | Transformation | Create a lesson plan on some aspect
| ' Geometry | of transformation geometry

Assume a 50 minute class period

1 and appropriate technology for all

| GT #2 | students

‘ -Specify a grade level

What instructional goals would
you set?

What technologies would you
use?

What assessment strategies?

Smart
251,7,15
17,23

2.612,13
14, 19

2.75-7,9
12, 19,20
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o Specify a grade level.

1o What instructional goals would

you set?
o  What technologies would you.
use? '

2/8/99 { Euclidean Review the NCTM Standards and Smart:
Geometry the current literature with regard to | 4.1 1-7, 27
| Buclidean Geometry.
o. What arguments can you 4.22,5,6
GT #3 advance supporting the
| introduction of Euclidean [4.31-5,15
geometry at the junior high o
level? Thomas:
o At the senior high level? 1-9
o What content do you consider
appropriate at each level?
| 2/15/99 Euclidean Compare and contrast the features of | Smart:
Geometry Nine-Point Circles for specified 441-6,9
| triangles. ‘ :'
GT #4 - 451,3-511 |
| 4.6 1-6
Thomas:
13218
12/22/99 | Symmetry Create tessellations, friezes, and Thomas:
' ‘ wallpapers with specified features. | 52-70
GT #5 - Create a lesson plan on tessellations, ‘ 
friezes, or wallpapers. Assume a 50
: | minute class period and appropriate
LP#2 technology for all students. '
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3/1/99 Fractal Given a single similarity Smart:
| Geometry | transformation, 2.8 1-3, 8,
o Tterate the transformation several | 11; 13, 17
times on a given segment ‘ '
GT #6 o Find an expression for the length | 2.9 2, 3,4,7, .
of the curve in the n-th iteration . | 8 ‘
| ‘o Find the fractal dimension of the |
Exam #1 self-similar curve 12101 -
' | Given a set of contractive affine
| maps and a given square, |
o Iterate the transformation several | Ihomas:
- times on the given square | 102-118
"o Find expressions for the area in - .
, the n-th iterateion ;
| o Find the fractal dimension of the
self-similar "strange attractor"
| Review the NCTM Standards and
the current literature with regard to
fractal geometry.
| © What arguments can you
‘ advance supporting the
introduction of fractal geometry
at the junior high level?
| o At the senior high level? o
3/8/99 Transformation | Create a lesson plan on some aspect | Smart:" ;
of Inversion | of fractal geometry. Assume a 50 6.1 1-10, 16,
' minute class period and appropriate | 18-21
‘ technology for all students. -
GT #7 o Specify a grade level. 6.2 1-3,7-9,
| © What instructional goals would | 14 '
 youset? |
LP #3 o What technologies would you 6.31,9,13,
use? 16, 20
o What assessment strategies? :
| | 6.45,7,16
Using the Geometers Sketchpad,
investigate Peurcellier's Cell and
explain its operation in terms of the
transformation of inversion: | 3{10;2353

| Discuss the concept of invariance as

it applies to the transformation of

inversion.




o What arguments can you
advance supporting the
introduction of projective at the
junior high level?

o At the senior high level?

o What content do you consider
appropriate for each?

7.3 1-10, 16,
17

Thomas:
79-87

3/22/99

Proj ecti\}e
Geometry

GT#9

Explain the mathematical basis for
the cartographer's "paper strip

technique."

Given a perspective view of a scene,
find a given point in a different
perspective of the same scene using
the paper strip technique.

Smart:
741,4,5,6,
9 ‘

7.52,3,4,
11

Thomas:
88-93

3/29/99

Projective
Geometry

GT #10

LP #4

Create a ray-traced 3-D movie using
the National Educational
Supercomputer. - .

Create a lesson plan on some aspect
of projective geometry. Assume a
50 minute class period and
appropriate technology for all
students. '

o Specify a grade level.

o What instructional goals would
you set?

o  What technologies would you
use? CoLE .

o What assessment strategies?

Smart:
7.6 1-3

771,2, 4, 8
10, 11

Thomas:
94-101

193
| 3/15/99 | Projective Review the NCTM Standards and - | Smart:
Geometry the current literature with regard to 7.16-17
| projective and 3-dimensional
geometry. - 17.22,11-15
GT #8
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| 415/99 Hyperbolic Compare and contrast Euclidean and | Smart: |
| Geometry Hyperbolic Geometry 9.122-27
, 19.22,3,5,7- |
GT #11 15 : :
9.31-7,15
| Thomas:
, : ' 28-32
4/12/99 Hyperbolic Review the NCTM Standards and | Smart: ‘
‘ ‘ GeOmetry the current literature with regardto | 9.4 1, 2,4-7,
‘ non-Euclidean geometry. 110, 12 ‘
| o What arguments can you -
GT #12 advance supporting the '9.514, 16
introduction of projective at the
Junior high level? ,‘ 961,2,5-7,
o - At the senior high level? 9 |
o What content do you consider
appropriate for each? ,
, { Thomas:
| Discuss the "reality" of the 132-35
geometries studied in this course and
, their applications in the "real" world.
4/19/99 ‘Term Projects | Finish term projects '
4/26/99 Exam #2. | Present term projects
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APPENDIX D

CRITERIA USED TO RANK GROUP TASKS
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Each group task was ranked on 2-5 different content criteria, technology use, and
whether the group followed the correct format in creating their solution. Each content
criterion item was judged separately. The group that met the criterion item best received
a score of 1. The group that met the criterion item second best would receive a score of
2, third best group would score a 3, and the fourth best (i.e. the worst) group would
receive a score of 4. Then the next criterion item was judged on the same scale, and so
forth until all content criteria had been judged. These items were then summed to arrive -
at a total content score. The group with the lowest total content score would receive a
ranking of 1, the second lowest score a.ranking of 2, and so on. Ties in this total score
were broken by a further analysis on the content criteria to determine which of the tied
groups did better overall on the content criteria.

The use of technology was ranked according to a four-level hierarchical scale:
Insightful, Appropriate, Correct, and Other (an explanation of what each means can be
found on page 70-71). The scale used to determine the ranking for technology was the
same scale used for content criterion. The group that was judged to make best use of the
technology received a rank of 1, the second best group a score of 2, and so'on. If ties
existed (for example, if two groups were rated "Appropriate") the group task was further
analyzed in order to determine which of the tied groups made better overall use of the
technology.

The content criteria rank was added to the ranking for use of technology and the
format score (0 for yes, 1 for no) to arrive at a total score. The group with the lowest
total score would be given the rank of 1 for the task; the group with the second lowest
total score would be given the rank of 2; and so on. These are the rankings that are found.
in the table in Appendix F titled "Ranking of Group Tasks". The ranking given to the
groups in the content criteria section broke ties in the total score.

Group Task 1:

Content:

o Composition of matrices shows both indicated and final product
o Underlying mathematics was explamed
o [llustration ‘
Technology:

o Insightful

o Appropriate

o Correct

o Other

Format (yes or no)
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Group Task 2:

Content: :

o Found transformation matrix T

o Found invariant points and lines :

o  Geometric description of the transformation was complete
o Animate movie using the transformation matrix T
Technology:

o Insightful

o Appropriate

o Correct

o Other

Format: (yes or no)

Group Task 3:

Content:

o Conjectures about segments complete
- o Conjectures about angles complete
o Conjectures about areas complete
o Proof

Technology:

o Insightful

o  Appropriate

o Correct

o Other

Format: (yes or no)

Group Task 4:
Content: ‘
o Report on the URL

o Demonstrated that the 9-point circle and the circumference are related by dilation_ ‘

Technology:

¢ Insightful

o Appropriate

o Correct

o Other

Format: (yes or no)
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Group Task 5:

Content:

o Proof

o Compared and contrasted the mathematics of the two proofs

o Compared and contrasted the technology used in the two proofs
o Essay was complete and informative

Technology:

o Insightful

o Appropriate
o Correct

o Other

Format: (yes or no)

Group Task 6:

Content

o Summarized the content and approach taken at the URL sites

o Described IFS (iterated fractal systems) and prerequisite concepts and skills
o Created an IFS listing each linear transformation

o Attached a printout of the fractal

Technology:

o Insightful

o Appropriate
o Correct

o Other

Format: (yes or no)

Group Task 7:

Content: - '

o Explained Peucellier's Cell in terms of the transformation of inversion

o Discussed the concept of invariance as it related to inversion

o Constructed a curve of constant width and explained the basis for the construction
~ Technology: -

o Insightful -

o Appropriate

o Correct ' : O ¢
o Other |

Format: (yes or no)
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Group Task 8:

Content: _

o Completely answered the question: "Is the second use of the term harmonic consistent
with the first?"

o Demonstrated that the quadrangle divides the line harmonically

Technology: '

o Insightful

o Appropriate

o Correct

o Other

Format: (yes or no)

Group Task 9:

Content:

o Found the location of point X using the paper strip technique
o Explained the mathematical basis for the paper strip technique

Technology:

o Insightful

o Appropriate
o Correct

o Other

Format: (yes or no)

Group Task 10

Content:

In Hyperbolic Geometry proved or disproved:

o If two triangles are similar, they must be congruent
o There exists a parallelogram with exactly one right angle

o Equilateral triangles do not exist

o Given AABC,if AB = AC,then /B= AC

-0 Vertical angles are congruent

~ Technology:

o Insightful

o Appropriate

o Correct

o Other

Format: (yes or no)
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Group Task 11:

Content:

For a Saccheri quadrilateral:

o Proved that the summit angles are congruent
o Proved that the summit angles are acute ) L N
o Proved that the summit is longer than the base " |
o Proved that the sum of the angles of any hyperbohc triangle is less than 180 degrees
Technology:

o Insightful

o .Appropriate

o Correct

o Other

Format: (yes or no)
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APPENDIX E:

EXAMPLE GROUP PROBLEM-SOLVING TASKS'
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RED GROUP TASK #5

AN The Geomelei's Sketchpad ¢ [Behold.gsp] mmts
W File Edit Display Construct  Transform  Measure Graph  Work Help
D. Bennett 3.11.95 M

The figure on the left is shown ina manuscript by Hindu mathematician
Bhaskara accompanied only by the word "Behold!" The figure is also found
inthe Chdu-pei, an ancient Chinese classic of unknown date, but perhaps
pre-dating Pythagoras. Drag point D or Double-click the ANIMATE button to
show different triangles.

?
You can also show the five piecesadd upto ¢ =~ -----mmmmmemmmmmmee N
squared by using a little algebra. [~ Animate\
This sketch illustrates the proof from the activity "Behold" inthe book
Pythagoras Plugged In, published by Key Curriculum Press
1Select Polygon 2"()
# Slail | 16 Finished »winload | Network M FirstClass Intranet I ..| -.Jgspdemo [|9 The Geometeii*... (835 10:01 AM

For the right picture we figured out the areas of all of the parts. From the picture there
are two squares: one with side length b and one with side length a. This is how we can
subtract or add b-a to these sides in the proof below.

The area of the green square is (b-a)2 = bA& -2ab +a&

The area of the left light blue triangle is 0.5(b)(b-(b-a)) = 0.5ba

The other light blue triangle would be the same thing.

The area of the bottom purple triangle is 0.5(a)(a+(b-a))= 0.5ab

The other purple triangle is the same.

When you add up all of these areas you get bA -2ab +a/ +ab + ba =a& + bA

O

To find the area of the left picture we used the same measurements and got the same
answer but we also knew that it was a square with side length c, therefore the area is cA2

Therefore a2 + bA2 =cAX
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PROBLEM STATEMENT: First, using the approach suggested in behold.gsp,
construct a proof of Pythagarian’s Theorem. Second, compare and contrast the
mathematics used by Bhaskara in “Behold!” and Prof. David Joyce in his illustration of
Euclid’s proof. Third, compare and contrast the two types of technology used. Finally,
compose a 500 word response to the following question: “How may the Geometers
Sketchpad and other technologies be used to facilitate the discovery and formalization of
proofs?” -

KEY MATHEMATICAL CONCEPTS: To complete the Pythagorean proof we used
the following concepts: area of a triangle, area of square. To compare and contrast the
mathematics used by Bhaskara and Euclid we used the following concepts: constructing
altitudes as hights of triangles, comparing similar triangles by s1de -angle-side and
comparing areas of triangle to areas of parallelograms.

STRATEGIC PLAN AND/OR APPROACH: First we formulated a proof using
Baskhara's method and then compared it to Euclid's method. We then compared the uses
of technology and responded to the given question. :

USE OF TECHNOLOGY: Geometers Sketchpad, Internet site in Java

PRINCIPAL FINDINGS OR RESULTS: Seg attached proof.

Compare/contrast mathematics: Bhaskara used areas rectangles, triangles and
squares to prove the Pythagorean Theorem. Euclid used congruent triangles and related
areas of triangle to parallelograms.

Compare/contrast technologies: our group preferred The Geometers Sketchpad.
Although The Java image could be moved around we felt limited because it was such a
small area. We also disliked the Java image because we were not able to take
measurements to find relationships.

NECCESSARY GRAPHICS AND/OR OTHER FILES: See attached proof.

DISCUSSION AND/OR EXPLANATION (500 word response):

“How may the Geometers Sketchpad and other technologies be used to facilitate
the discovery and formalization of a proof?”

Geometers Sketchpad and other technologies are very useful in facilitating the
discovery and formalization of a proof. As our group found in attempting a proof for
Pythagorean’s Theorem, GSP gives us a great advantage. The program allowed us to
investigate and form conjectures for our proof in our own way and at our own pace.

First, we’ll address how technologies facilitate the discovery of a proof.
Geometers Sketchpad can provide a very useful model for students to work with. Asthey -,
move this model through a series of translations and modifications, students can discover
that certain points and lines may be invariant. They can discover relationships between
areas and objects as the Sketchpad allows them to manipulate at their own will. This
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active participation in the discovery of certain relationships aids the student in forming
conjectures about objects that lead to formal proof. It gives them and instantanious way
to answer any questions they may have about the validity or visualization of proofs.
Being able to be in control and receive instant results helps student with their
mathematical insight and confidence in their own mathematical abilities. '

Second, we’ll address how technologies such as Geometers Sketchpad and the TI—
92 facilitate formalization of a proof. It seems that proofs can be a source of much
confusion for many students. Even those students who are able to follow formats and
crank out written proofs at a reasonable rate often miss what’s going on behind the
scenes. GSP and other programs have tremendous power to help formalize proof forall -
types of students. A very helpful tool is a teacher made model of a particular proof
illustrated with an object for student manipulation. With this tool students can explore
the deeper meaning of a proof. As we discovered in group task number five. Thereis
much more to Pythagorean’s Theorem than is evident in the simple formula given to-us in
high school. GSP and the Java base file on the Internet helped us discover these concept
quickly yet thoroughly. Considering the time it may have taken for the first proof to be
formulated these technologies provide use with a very powerful and useful tool.

The Geometers Sketchpad and other technologies are more helpful in the
discovery of conjectures. Once the conjectures or theorems have been found these
technologies can be used to visualize the underlying mathematics. Since you cannot use
these technologies in a proof: for example “angle a = angle b” “By the Geometers
Sketchpad.” This does not work. The key to using technologies in proofs is to let them
to the busy worlk; such as constructing the diagrams in Bhaskara’s proof of the
Pythagorean theorem. In the days of Euclid a proof of a geometrical object could only be
drawn with the assistance of a.compass and a strait edge. In modern times a stadent can |
use a technology, for a second perspective, such as a visual geometric interpretationto
explain an algebraic expression. In constructing geometrical figures these technologies
can be very useful. They can construct perfect circles, right triangles, and squares.
Technologies can also help the student to break down a large problem into smaller
problems. These smaller problems are more. comprehendible for the students, which will -
help them to solve the larger problem. Another important aspect of creating geometrical
proofs is the consideration of invariant points and lines. These technologies can identify
or create invariant points and lines.

The TI-92 was extremely helpful in proofs. It can solve large complicated
equations and matrices in general without using page after page of algebra. If you are.
teaching and trying to get the students to visualize a proof you can put the TI-92 on an
overhead projector and describe a graphical representation of an object.
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BLUE GROUP TASK #5

Problem Statement:

I. Construct a proof of the Pythagorean Theorem using the approach suggested in
behold.gsp.

Proof:

D. Bennett 3.11.96

The figure on the left is shown ina manuscript by Hindu mathematician
Bhaskara accompanied only by the word "Behold!" The figure is also found
inthe Chou-peT, an ancient Chinese classic of unknown date, but perhaps
pre-dating Pythagoras. Drag point D or Double-click the ANIMATE button to
show different triangles.

You can also show the five pieces add up to ¢

AN
squared by using a little algebra. I

Animate

This sketch illustrates the proof fromthe activity "Behold" inthe book
Pythagoras Plugged In, published by Key Curriculum Press.

m/GAIl = 60.5'
m/CAB = 29.5"

nVGAD + m/CAB = 90.0"

Given: The triangles in the sketches are right triangles
Proof that all triangles in the sketch are congruent.

By definition of square:
ZCAB = ZABH = ZBHG = ZHGA =90°

90° + (90° - ft) +ac=180°

180°-/3+a = 180°

-P +a =0°

a=P

ABC = GAB = HGE = BHF by Side-Angle-Angle

Show that the five pieces add up to ¢ squared.
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Four right triangles and square within the object makeup the large square.

These objects are then rearranged in the right sketch in the plcture above.

Area of a square is side squared :

c*c=c’

Area of a rectangle is w1dth times length. :
a*b+a*b+b-a)*(b—a)= e

2ab+(b—a)’* =
2ab+b*—2ab+a® =
b>+a*=c?

2. Compare and contrast the mathematics used by Bhaskara and Euclid.
Answer:

Bhaskara’s approach involved a little geometry to prove that the triangles were
congruent. The rest of his approach is mainly algebralc Dr. Joyce used all geometry
based on Euclid’s postulates and construction to prove the Pythagorean theorem.

3. Compare and contrast the two uses of technology. Which use do you prefer?
Why?

All of us preferred the Geometer’s Sketchpad. We felt it was easier to gather data on the
objects to prove the Pythagorean Theorem. If we wanted to measure the segment lengths
or angles to back up our proof, we could. The Java Applet allowed us to manipulate the
object but did not allow us to measure findings.

Answer:

4. Compose a 500-word response to the following question: “how may the Geometers
Sketchpad and other technologies be used to facilitate the discovery and formalization
of proof?” That is, once a relationship has been discovered, how may you use
technology to facilitate discovery of the underlying facts and logical connections that .
collectively constitute a proof? What shifts in perspect1ve and/or purpose must occur
for the student?

Answer:

Geometers Sketchpad and other technologies can be used in the modern
classroom to facilitate the discovery and the formalization of geometric proofs in several
ways. First, Geometers Sketchpad and the other technologies allow students to
dynamically study geometry in an interactive way that has never been available to
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students in the past. Throughout the course of using the technologies, students are
encouraged to manipulate the geometric objects to discover as many relationships or
characteristics of the object as possible. Technologies like the Geometers Sketchpad
allow students to measure line segments, angles, areas, and ratios of these measurements
to show congruencies or similarities. Once this is done, the SketchPad drawing can be -
manipulated to allow the student to investigate whether or not there are any variant or
invariant properties of the drawn object. For example, in the current task it was possible
to reflect and translate one of the triangles to coincide with another one, which was a
proof of the congruency by using the technology. With these technologies it is easy for
the student to show that the discovered relationship is applicable to all relevant cases.
Once the relationship is discovered, then the student must search for the reasons why the
discovered relationship exists in order to prove the relationship. These technologies can
also be used to find further relationships that may be used to solidify the proof of the
initial geometric property. Students are able to actively investigate the underlying
geometric properties to discover the concrete characteristics and connections that
collectively constitute a geometric proof. Another benefit of these technologies is that
the students can test the geometric proof for themselves and discover the properties and -
limitations of the proof. The technologies also give the student the ability to test their
own ideas, intuition, theories and the consequences of the proof, which has not been
available to students until recently. This testing or investigation process can also lead the
students to the consequences and applications of the proof. In effect, the technologies
bring a “visual meaning” to the written geometric proof, and thereby allowing the student
to have a visual basis to the written proof. ' :

. Geometers Sketchpad and other technologies also facﬂltate the process of
geometric discovery and proof building by stimulating interest in the students. These
technologies increase the student’s interest in Geometry through the associated “hands-
on” activities, which corrects a common problem with the typical proof building process.
While other technologies may be limited to some of the investigation (such as
measurements or construction of an object), students will have still have hands on
interaction with the objects in question. Properties students may visualize through th1s
interaction may allow them to come up with some conclusions about the object in
question. Computer technologies are a familiar and appropnate medium to teach the
principals of geometry to Jr. High and High School students, since most have access.to -
some form of computing technology. This technology can be the overriding factor in the
student’s ability to build the bridge from the visual geometric properties to conceptual
geometry, which the student will need later in their mathematical education. This shift
from. visual geometry to conceptual geometry is a large hurdle for the student to cross and.
is the difference between just completing the proof and understanding the underlying the
geometric properties. Also these technologies change the focus of the student from
reading their textbook and then writing a 2-column proof to actively d1scover1ng the
underlying characteristics of the proof with the technology, thereby allowing the student”
to build geometric intuition and the foundation for completing the proof. The "hands on"
experience no longer engages the teacher to a type of lecture format where students take
notes directly to what is being taught. This type of teaching relies on rote memorization
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by a student. The cognitive level of the student may not be lasting for further areas of
study using the traditional approach. The student must be involved with the discovery
process in order for them to assimilate and apply what is being taught in classes today .
into other areas. The student's perspective in using this type of interaction is similar to
those that discovered the postulates and theorems that apply.
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GREEN GROUP TASK #5

1. PROOF FOR #5

1 ab

Area of Triangle abc = 2ab = 2
In Picture 1

5)
o2 =1 2 + (b-a)Z

4ab (b a)/\2

2ab + (b‘a)(b‘c

2ab + b2 -ba -ab + a’

2ab + b2 -(ba + ba) + a’

2ab +b"2 - 2ba+ a2 =a*2+b
cM2 =aM2 + bN

. 2. Euclid vs. Bhaskara |

After looking at both methods of proving the Pythagorean Theorem, our group -
decided that we preferred Bhaskara’s method rather than Euclid’s.

Bhaskara uses the idea that the sum of the three rectangles with areas ab, ab, and
. (b-a2)"2 add up to c¢*2. Euclid uses the idea of building three squares to prove the
theorems and uses congruent triangles and areas. He builds three triangles, one off of
each side of the right triangle where the sum of the two areas of the smaller squares.is the
area of the larger square. He uses this to show that AC2 +BA”2=BC"2.

Both methods use the notion of areas of squares to prove the theorems, but
Bhaskara’s method is a lot clearer and more straight forward. Euclid’s method is messy
and confusing. It seems as if he spends a lot of time and effort trying to explain what is
obvious and does so much extra work that doesn’t seem to be needed. On the other hand,
Bhaskara just-shows what is needed and nothing more. :




LAt - !

210

3. Java applet vs. Geometer's Sketchpa

We seem to prefer the Geometer's Sketchpad that displayed the mathematic:
Bhaskara over the Java applet that showed Joyce's proof. With both uses ‘
technology we could move the picture and get an idea of what was happemng
with the sketchpad we could do more. We were able to analyze the spec
segments, which were the a, b, and c in the Pythagorean theorem, and see how
were relating when the picture moved. We could also look at the specific areas
see how they related to each other; specifically the square in the middle relatmg
~ triangle areas

4. Essay

Using the Geometer's Sketchpad and other technologies can be very useful in facilitating
the discovery and formalization of proof. It is very important to remember, though that
the relationship must be discovered first, then looked at from the different types of
technology. .

It is a well known fact that students remember and become interested in things if -
they have an ownership of them. That is if they have discovered these facts on their own
or proved statements to be false. Therefore, uses of technology can help the students to
discover relationships. on their own, by moving the angles etc., and it. becomes more
valuable to them. Relating to this, students become mote interested in tasks if they
understand them more thoroughly. Using these technologies, they are moving the parts.
atound, they are seeing for themselves what is happening in the proof that they have
either already written or just seen. Using these technologies may even find the students
looking at connections other than the ones that they are trying to prove. This is very

important in striking an interest into the students. for them fo look into geometry more
deeply and with much more curiosity.

If we were to look directly at the types of technology, the students are able to use
fixed points and move other points around (Geometer's Sketchpad). They can see the

"angles change or stay the same likewise the segment measures. Using a specific
example, if one were to look at the triangle's angles adding up to 180 degrees. Most -

~ studénts know this fact but they can see it firsthand by using the Geometer's Sketchpad -

and moving any point on the triangle. The Geometer's Sketchpad allows them to

construct these simple objects or more complex objects more easily which helps the

students save time from having to construct them themselves. :

Another important use of the technologies is the simple idea that students are then
using both inductive and deductive reasoning. This is the shift in perspective that the .
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student must take. When they look at the proof without the computer, they are using their
deductive reasoning whereas when they are discovering truths or falsities, they are using
inductive reasoning. Their purpose when they use the computer is to look at why it is
happening or why their formal proof should not be so. This also pushes the student to be
able to fit a proof to other situations. For example, if the student is looking into a
computer formalization, they are learning to fit the proof to other situations. This extends
to other situations Whefe they need to adapt math concepts to fit a variety of situations. '
Technologies can be used to facilitate the discovery and formalization of proof as
long as they are used as facilitators. It is important for students to use the technology as a
type of discovery tool that allows them to 'see’ what they are doing. The student's
perspective must change from the deductive to the inductive stage of reasoning, though.
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YELLOW GROUP TASK #5

Problem Statement:

>

VVY

Construct a proof of the Pythagorean Theorem using the approach demonstrated in
the manuscript of Bharskara titled simply “Behold”.

Compare and contrast the mathematics used by Bhaskara and Euclid.

Compare and contrast the two uses of technology, Geometer’s Sketchpad vs WWW.
Compose a 500 word response to the following question: “How may the Geometer’s
Sketchpad and other technologies be used to facilitate the discovery and formalization
of proof?”

Key Mathematical Concepts:

>

>

The discovéry and formalization of proof of the Pythagorean Theorem aided by
Bhaskara and Euclidian approaches and modern technology.

Strategic Plan/Approach:

Examine the approaches towards proof of the Pythagorean Theorem as presented by
Bhaskara and Euclid, comparing the mathematics used in each, then construct a proof
modeled after Bhaskara’s manuscript “Behold”, which uses the reconstruction of
areas. This will be accomplished with the aid of the Geometer’s Sketchpad and a
version of “Behold” which allows for manipulation of the geometric figures, which
construct the original area of c/2.

Use of Technology:

>

Both the Geometer’s Sketchpad and the internet/WWW were used in exarmnaﬁon of
differing styles of formalization of proof of the Pythagorean Theorem.

Principle Findings:

> Through the reconstruction of geometric figures, composing the original object of c/2

(composed of a square formed by 4 identical original right triangles), we discovered,
since areas remain invariant during the transformations of translation and rotation,
the sum of areas of the objects that are transformed are equal to that of the original
object c2.

Construct a proof of the Pythagorean Theorem using the approach demonstrated in
the manuscript of Bharskara titled simply “Behold”:
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> The first three proofs which follow are base on the Bhaskara approach as per the
manuscript “Behold”. The latter two proofs are based on Euclid’s approach as per
Propositions 47 and X.33 and are presented in contrast to Bhaskara.

D. Bennett 3.11.95

> PROOF #1: Based on the Bhaskara approach.

I)Proof:

a) Original right triangle ABC

b) Sides are abc

c) Because of right triangle ABC, putting side AB adjacent to side BC creates a
right angle. Doing this in such a fashion as to put 4 triangles ABC together
with the c side to the exterior produces cA2 with a square block (D) in the
middle. We know that it is square because the sides are constructed from the
legs of the right triangles.

Note: The two rectangles that are found in the re-assembly are formed by placing 2
triangles ABC together with their hypotenuses adjacent to each other. By theorem,
diagonals of rectangles bisect the rectangle into 2 congruent right triangles. Doing this
twice forms the two rectangles and together with block D constitute the entire area of ¢
A

Re-assembly: Areas remain invariant under translation/rotation.
a) b =a+ side of block D
b) a=Db- side of block D
c) Side ofblock D=b- a

Reconstruction:
a) Square I: bx(a+b-a) =bxb=bA
b) Square2: ax(b- (b-a))=ax((b-b+a)=axa=ar

Result: Square | =bA
Square 2 = a”
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Therefore since all areas have remained invariant: cA2 = a2 + bA&

> PROOF #2: Based on the Bhasksara approach.
The initial triangle has short side a, medium side b, and hypotenuse c. A square
is formed of side c and c, therefore its area is c2 Its interior is subdivided into
four triangles and a small square. Re-assembly produces two squares, one of side
b and the other of side a. Since areas remain invariant under translation or
rotation, the second figure has the same area as the first, which is a2+ b2

The area of the second figure can be found by summing the area of four triangles
and one square. SO, Atotai—4 Maniangies A qquare = 4% v2 ba + (b-a)(b-a) =
2ab + b"- 2ab + a2= b2+ a2 Therefore, a2+ b2=c2

> PROOF #3: This is a special case of the Bhaskara approach where the original
triangle is an isosceles right triangle and cA2 is composed only of a composite of 4
original ABC triangles.

D. Bennett 3.11.95

I)Proof: (special case)
a) Original isosceles right triangle ABC
b) Sides are abc

Note: The two squares that are found in the re-assembly, are formed by placing 2
triangles ABC together with their hypotenuses adjacent. By theorem, diagonals of
rectangles bisect the rectangle into 2 congruent right triangles. Doing this twice, forms
the two rectangles (squares in this case) and constitutes the entire area of ¢ A2

Re-assembly: Areas remain invariant under translation/rotation.
a) bxb=hbAR
b) axa=aAR
Reconstruction:
c) Square Fbxb =bA
d) Square 2. ax a=a”&
Result: Square | = bA
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Square 2 = a2
Therefore since all areas have remained invariant c2 = a2 + b2

> PROOF #4: In contrast, here is a proof based on a Euclidian approach of similar
triangles.

1. Given Triangle ABC ,figure # 1
2. Draw a line from the right angle
perpendicular to the hypotenuse. Fig . 2
B 3. This divides the hytotenuse into 2 segments.
We will call these segments x and y
4. This line also divides the triangle into two
small right triangles. Fig.3
5. All three trianige are similar so the ratios of
corresponding sides are proportionals
6. Therefore the folllowing ratios are equivalent
xla = alc , and y/b=blc
7. In the first proportion multiply both sides of
the equation by a this will yield
x=aR/lc
8. In the second proportion multiply both sides
of the equation by b and this will yield
y=b2/¢c
9. Substitue a’2/c and b2 /¢ into the
equation
10. ¢ =x +y (these are the two parts of ¢)
this yields
11, c=(a2+b2)/¢
B multiply both sides by ¢
12, this yield ¢/2 = a2 + b2

| mzBCA=90°
(,C - - ~

b A

figure 1

m4ByC =90° |

T O

figure 3




216

> PROOF #5: This is another contrasting proof based on an Euclidean approach.

Given: Right triangle ABC, where angle BAC is right and AM is an altitude.
Squares are drawn on each side of triangle ABC.

Triangles ABM, CBA, and CAM are similar, for pairwise they share two angles
in common.. Since corresponding parts of similar triangles are proportional, then
the following proportions hold:

CB/BA = BA/BM, so crossmultiplying yeilds BA2= CB*BM
(The product CB*BM is rectangle area BMKd)

BC/AC = AC*CM, so crossmultiplying yeilds AC2= BC*CM
(The product BC*CM is rectangle area MCHK)

So, adding the left sides together and the right sides together of the above
equations gives

BA2+ AC2=CB*BM + BC*CM
(The sum and product CB*BM + BC*CM s equivalent to square BCHI, which
has an area of BC2)

Finally, by substitution BA2+ AC2=BC2.
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» Compare and contrast the mathematics used by Bhaskara and Euclid:
Although the math involved by Euclid is understood, it seems that he has used a
complex approach which involves a base understanding of math postulates far
beyond that of Bhaskara. The original sketch of Buclid visually seems simplistic,
with right triangle and squares formed on each side. Applying the math to allow
us to establish the proof of ¢A2 = a2 + b2 centers on confusion and would
probably be the same for first time geometers. In contrast, Bhaskara is like
playing with blocks. It is easy to visualize ¢A2 and why there is a square block in
the middle. With some very simple algebra, wa-la, we acquire a2 and b2 which
we know came from c/2, since areas are invariant under translation and rotation.

» Compare and contrast the two uses of technology, Geometer’s Sketchpad vs WWW.
The use of www, which allows links to incorporate the math being used, is qulte
convenient. The references are directly accessible and allow for quick
confirmation.

The GSP on the other hand is much more visually appealing. It 1s easy to see the
re-assembly of objects and by manipulating the objects, we see with little effort
how the objects may change shape but in corresponding fashion.

> Compose a 500 word response to the following question: “How may the Geometer’s
Sketchpad and other technologies be used to facilitate the discovery and formalization
of proof?” : ' |

Students of all grade levels are continually perplexed by the nature of .
mathematical proof. However, we as educators feel that the National Council of
Teachers of Mathematics is correct in placing a call for more exploration of proof in the
mathematics classroom. This task is not an easy one, but we feel that the use of

. technologies such as The Geometer’s Sketchpad will help students facilitate the

discovery and formalization of mathematical proof.

We do not contest the importance of teaching mathematical proof because its
benefits reach far and beyond the realm of the mathematics (_:lassroo,m . There is a
problem, though. How do we introduce the notion of proof to students who do not have
the natural ability to conceptualize it? The introduction of visual aides often helps
students to achieve a greater understanding than they could achieve with words alone.
However, the ease of creating visual displays for every problem requiring proof can be
cumbersome and seemingly impossible without the aid of technology. Programs such as
The Geometer’s Sketchpad allow students to visualize the mathematics behind the proof.
Educators and parents should not worry that this will “take away” from the learning of
mathematics, rather it will complement it and foster mathematical growth. .
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By providing students with a visual understanding of the mathematics involved in
a proof through the use of technologies like The Geometer’s Sketchpad, we as educators
are allowing all students the benefits of a mathematical base. From this foundation,
students can more readily formulate mathematical proofs. The use of technology serves
as a tool in the case, but does not do the work for the students. The students are still
expected to formulate the reasons and the verbiage for their proofs. - This allows students
who do not have an abstract understanding of mathematics to create mathematical proofs

and understand the underlying mathematics as well. This is achieved simply by allowing .

them a visual aid that they can mampulate

The importance of “hands on” work with mathemat1ca1 proof is growing, as is a
demand for higher level thinking skills. We feel that the use of technology in the
classroom helps cultivate both of these aspects of the mathematics classroom. The

students are given an opportunity to visualize and manipulate objects to prove theorems.

and ideas. The technology allows them to achieve a sense of understanding of higher
- level mathematical ideas without the “grunt work™ getting in. the way. This is not to
dispute the importance of learning how to do the “grunt work,” rather it is to- show that
there is a time and place for cumbersome mathematical work. When students get bogged
“down with the arithmetic and algebra of a problem before they undeistand it, it becomes
increasingly difficult for them to accomplish their goals. With the advent of technology,
we are giving those students the ability to understand mathematics before.they go about
the technicalities. This allows for a greater understanding of the entire mathematics
process and where each piece fits. :
We as educators should remain open and receptive to the use of technology in our
classrooms. This is especially important to the facilitation of growth in the area of
mathematics known as “proof.” By providing students with this tool, we are providing
them with the key to the realm of mathematical thought.
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APPENDIX F

DATA TABLES
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The following tables are presel_lted as incidental information. These tables are
listed in order to give a more complete and acéurate pictu;e of the data discovered during
this study. The first table lists the raw scores given to éach of the  groups for the group
tasks by the instructor. For example, on group task #1, the Red Group recei'ved a score of
100, the Blue Group received a score of 95, the Green Group received a score of 90, and
the Yellow Group received a score of 95. |

Table 24. Group task scores.

Group Tasks Scorés

Task ~ Red | Blue | Green | Yellow
1 100 95 90 95
2 95 © 95 ‘ 90 98
3 90 85 ‘ 90 100
4 100 100 100 | 100
5 85 80 85 | 95
6 95 100 90 ‘ 100
7 95 I 90 90 95
8 100 100 100 100
9 90 100 95 100
10 100 100 © 100 100
11 100 3 100 .| 100 100

The Table 25 on the next page lists the rankings given by the researcher for ﬂie
group tasks, based on the criteria in Appendix D. The range is from 1 to 4, with 4 being
the highest possible score. For example on group task #1, the Blue Grqup. was given the

highest rating, the Yellow Group the second :highesf rating, the Red Group the third

highest rating, and the Green Group the fourth highest (or lowest) rating.
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Table 25. Ranking of group tasks.
j Ranking of Group Tasks
Taskk | Red | Blue Green | Yellow

:‘S\OOO\I‘O\L‘A-P.UJ‘[\)»—
»—nm-lk'-h.w‘-bl\)n—'lr—am-lh
ENIESIEN ) ST ST Y (SRR TV 1GY Uiy P
W#l\)w-hw-b‘-h-b-hm

Table 26 lists the raw data collected from the administration of the Computer
.Attitude Sca.11e to eleven of the thirteen on-campus students at the beginning of the
seméster. Each subscale (Anxiety.', Confidencé, Liking, and Usefulness) héd 10
qu;estions. The highest possible score for any éﬁbsoa_le 1s40. In gen,e‘rlal, the higher the - :

score, the more positive the attitude towards computers.

Table 26. Computer Attitude Scale survey results.

- Name Anxiety | ‘Confidence | Liking Usefulness Total
Student 1 40 38 37 37 | 152
Student2 | 25 | 27 30 38 | 120
Student3 | 34 35 34 | 39 | 142 |
Student 4 22 | 22 - 24 ‘ 27 95
Student 5 40 40 { 40 40 160
Student6 | 37 35 34 ' 39 1 145
Student 7 38 | 38 34 35 145
Student 8 30 | 24 25 37 116
Student 9 39 39 | 37 : 39 154

.| Student 10 37 | 34 P66 33 130 |-
Student 11 33 | 33 .27 , 36 | . 129
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Tabie 27 sums up the individual and group message data: the total messages
scored, the tc;tal messages sent (*this includes messages sent by each individual and group
that were not given a score), the total score of all the me'ss;clges and the average phase

level.

Table 27. Individual and group message data. , : - ‘ l

| | Total

|INDIVIDUAL TOTALS | Scored {. Total Total

Name: = Group: | Messages | Messages | Score |Average|

Red 1 ) - Red | 6 6 | 15 250 |

Red 2 | Red 20 20 - 38 1.90

Red 3 Red | 8 9 15 1.88

|Red 4 ' Red 6 6 12 2.00 : b
Total for Red Group | 40 | 41 80 2.00 ' !
Blel . | Blue | 30 33 | 67 | 223 | 1
Blue 2 | Blue | 28 28 | 69 | 246
Blue 3 ‘ Blue - 35 36 79 226

Blue 4 Blue 36 41 94 2.61

Blue 5 , Blue 56 62 151 | 2.70 ;
Total for Blue Group - 185 . 200 | 460 2.49
|Green 1 “Green 31 | 34 | 77 | 248
Green?2 | Green | 25 | 26 | 61- | 244 it
Green3 Green 8 9 | 21 2.63

Green 4 ' | Green | 10 14 24 | 240

Total for Green Group 74 | 83 | 183 2.47

Yellow 1 Yellow 68 | 77 | 164 2.41

Yellow 2 | Yellow 49 | 52 | 90 '1.84

Yellow 3 | Yellow| 47 | 54 | 105 | 2.23

Yellow 4 | Yellow| 109 | 122 | 235 | 2.16

Yellows Yellow | 109 | 121 | 238 2.18

Total for Yellow Group | 382 426 832 | 2.18




223

APPENDIX G

PERMISSION FORMS




For questions 1, 3,4, 6,9, 11, 12, 14, 16, 17, 19, 22, 25, 27, 28, 30, 33, 35,‘ 36, 38

For questions 2, 5,7, 8, 10, 13, 15, 18, 20, 21, 23, 24, 26, 29, 31, 32, 34, 37, 39, 40
(Strongly Agree = 1, Slightly Agree = 2, Slightly Disagree = 3, Strongly Disagree = 4)
The questions ére coded so that the higher the score, the more positive the attitude.

Four subscores can also be obtained from the questions.

Anxiety: 1,5,9,13, 17, 21, 25, 29, 33, 37
_Confidence: 2,6, 10,14, 18, 22, 26, 30, 34, 38
Liking: 3,7,11, 15, 19,23, 27, 31, 35, 39
Usefulness: 4,8, 1

Again, higher scores correspond to more positive attitude, e.g., a higher confidence score
means more confidence and a higher anxiety score means less anxiety. '
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Computer Attitude Survey (Loyd, Gressard) )
The survey is scored according to the following:

(Strongly Agree =4, Slightly Agree = 3, Slightly Disagree = 2, Strongly Disagree = 1)

, 8,12, 16, 20, 24, 28, 32, 36, 40

Permission is grahtéd for use of this scale. In ah;y‘ publication arising from its use, please
be sure to credit the authors, Brenda H. Loyd and Clarice P. Gressard.

Thanks for your interest. Best wishes.

Doug Loyd
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Date: Fri, 24 Mar 2000 12:53:04 -0700 (MST)

From: "Charlotte Nirmalani Gunawardena (Lani)" <lani @unm edu>
Subject: Re: Interaction Analysis Model -

To: Brian Beaudrie <Brian.Beaudriec@ NAU.EDU>

Brian,

I contacted my co-authors and we do not have any problems with you publishing our
model in your thesis as long as the proper references are made to the article, authors and
journal. You might want to check with the journal editor, Dr. Seidman whether he would
give you permission to publish the model as it is as the journal has the copyright on it.

We would very much like to read your findings when you complete the thesis and hope
that you would share the results with us.

Best wishes
Lani Gunawardena

Date: Thu, 30 Mar 2000 09:58:48 -0500

From: Robert Seidman <rseidman @minerva.nhc.edu>
Subject: Re: Interaction Analysis Model

To: Brian Beaudrie <Brian.Beaudrie @ NAU.EDU>
Cc: baywood <baywood @baywood.com>

X-Mailer: Mozilla 4.7 [en] (Win98; U)
X-Accept-Language: en,pdf

Brian: Congratulations on your thesis! I have not problem with your request as long as
the article and journal are cited. I am forwarding this to the Journal's publisher, Stewart
Cohen, so that he may send you official permission. :

Best wishes. Bob -
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mailto:Brian.Beaudrie@NAU.EDU
mailto:rseidman@minerva.nhc.edu
mailto:Brian.Beaudrie@NAU.EDU
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Date: Mon, 03 Apr 2000 13:11:11 -0400

From: Baywood <baywood @baywood.com>
To: BRIAN.BEAUDRIE@NAU.EDU

Cc: RSEIDMAN@MINERVA.NHC.EDU
Subject: Permission Request '

April 3, 2000

To: Brian Beaudrie
From: Julie Krempa
Subject: Permission Request

Dear Brian:
Dr. Robert Seidman has forwarded your permission request.

We are pleased to grant permission for you to use Figure 2 titled

“Interaction Analysis Model for examining social construction of
knowledge in computer conferencing” (page 414) created by Charlotte
Gunawardena, Constance Lowe and Terry Anderson published in the Journal
of Educational Computing Research, Volume 17: 4, (1997) from the article

. on pages 397-431 titled, “Analysis of a Global Online Debate and the
Development of an Interaction Analysis Model for Examining Social
Construction of Knowledge in Computer Conferencing” by Charlotte N.
Gunawardena, Ph.D., Constance A. Lowe, M.A. and Terry Anderson Ph.D.in
your d1ssertat1on

Please be sure to cite the material used properly.
Sincerely,

Julie Krempa
‘Rights & Permissions
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